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Introduction 

The programs described here were designed for calculating the nonlinear 

seismic response of a two-dimensional configuration of soil underlain by a 

semi-infinite elastic medium representing bedrock. There are two programs. 

One is for plane strain motions, that is, motions in the plane perpendicular 

to the long axis of the structure, and the other is for antip1ane strain 

motions, that is motions parallel to the axis. The seismic input is provided 

by specifying what the motion of the rock-soil boundary would be if the soil 

were absent and the boundary were a free surface. This may be done by 

supplying a magnetic tape containing the values of particle velocity for every 

boundary point at every instant of time. Alternatively, a punch card deck may 

be supplied giving acceleration values at every instant of time. In the plane 

strain program it is assumed that the acceleration values apply simultaneously 

to every point on the boundary; in the antip1ane strain program it is assumed 

that the acceleration values characterize a plane shear wave propagating 

upward in the underlying elastic medium at a specified angle with the vertical. 

The nonlinear hysteretic behavior of the soil is represented by a 

three-dimensional rheological model proposed by Iwan (1967). A boundary 

condition (Papastamatiou, written communication) is used which takes account 

of finite rigidity in the elastic substratum. The computations are performed 

by an explicit finite-difference scheme that proceeds step by step in space 

and time. Computations are done in terms of stress departures from an 

unspecified initial state. 

Source listings are provided here along with instructions for preparing 

the input. A more detailed discussion of the method is presented elsewhere 

(Joyner, 1975). One provision of the programs that was not described in the 
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earlier publication permits irregularly shaped three-and four-sided elements. 

The programs relate velocity of the nodes to strain rate in the elements by a 

set of linear equations. The coefficients in these equations are determined 

by representing particle velocity within the element as a linear function of 

position and requiring the best least squares fit to the particle velocity at 

the nodes. Another provision not described in the earlier publication permits 

low-pass filtering of the output to remove the numerical noise (Joyner and 

Chen, 1975) that is generated at frequencies in the vicinity of 1/(4*DELT) , 

where DELT is the time step. The filter is a zero-phase-shift digital 

filter with a frequency response, R ,given by 

R(f) = f < Fl 

R(f) = 0.5 * (1.0 + cos(rr *(f-Fl)/(F2-Fl))) Fl < f < F2 

R(f) = 0 f > F2 

where f is frequency and Fl and F2 are parameters specified on an input 

card. It is recommended that Fl be assigned the value fR' and F2 be 

assigned the value 2fR , where fR is the highest frequency for which 

faithful representation is desired in the output. If filtering is done the 

number of points in the output time histories is reduced by 20. 

In order to attain the desired frequency resolution the largest dimension 

of any element should be no more than about VS/(lO*fR). The size of the 

time step must be limited to insure stability. The stability requirement for 
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the plane-strain problem in the linear elastic case with a square grid 

(Alterman and Loewenthal, 1972) is 

VP*DEL T < DELX/( 1 + (VS/Vp)2) 1 /2 

where DELX is the grid size, VP is the compressional wave velocity, and 

VS is the shear wave velocity. For the anti plane-strain problem the 

requirement (Boore, 1972), is 

VS*DEL T« DELX/..j'2. 

Satisfying these requirements for the linear case does not guarantee stability 

in the nonlinear case, but the relationships are useful as guides. It is 

recommended that DELT be taken as 75 to 80 percent of the smallest value 

that satisfies the appropriate elastic stability criterion. In computing 

DELT from the stability criterion a value should be used for DELX equal to 

the minimum dimension of any element. Relatively equidimensional elements of 

approximately uniform size are strongly recommended. 

The Plane Strain Program 

All input quantities are expressed in ~ units (em/sec, dyne/cm2, etc.) 

except for acceleration, which is given as a fraction of the acceleration of 

gravity. The input cards are listed below with an explanation of the 

variables. 
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Card No. 1 

ALPHA (J) 

Card No. 2 

DELT 

NK 

RHON 

VPN 

VSN 

NPT 

JLIM 

IH 

IV 

ITAPE 

F1, F2 

Card No. 3 

FACTOR 

Cards No. 4 

(X1(NP), X3(NP), 
NP = 1, NPT) 

Cards No. 5 

FORMAT (8AlO) 

Any desired alphameric identification 

'FORMAT(F8.0, 14, F8.0, 2E10.0, 14, 13,311, 2F5.0) 

Time interval for input data points and time step for 
finite difference computation. 

Number of points on input time histories. NK must not 
exceed 8000 

The density of the elastic substratum. 

The compressional velocity of the elastic substratum. 

The shear velocity of the elastic substratum. 

The total number of nodes in the mesh representing 
the soil. NPT must not exceed 1000. 

The number of nodes on the boundary between soil and 
elastic substratum. JLIM must not exceed 400. 

IH = 1 if the horizontal motion of the boundary nodes 
is specified on cards 

IV = 1 if the vertical motion of the boundary nodes 
is specified on cards. 

ITAPE = 1 if an input magnetic tape is provided. 

Parameters specifying the response of the low-pass 
filter. IF either F1 or F2 is zero, no filtering 
is done. 

FORMAT (E10.0) 

A factor by which the coordinates of the nodes on the 
following set of cards will be multiplied. 

FORMAT (10F8.0) 

Horizontal (Xl) and vertical (X3) coordinates of the 
nodes. Xl increases toward the right and X3 
increases upward. NP is the identification number 
for the node. 

FORMAT (11, 414, F5.0, 3E10.0) 

One card for each element of the mesh. There must not 
be more than 900 elements. 
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MORE 

NP1, NP2, NP3, NP4 

RHO 

VP 

VS 

TAU 

Cards No. 6 

(NPBP(J), J=l, JLIM) 

Card (s) No. 7 

LIM,(NSV(L),IOPS(L), 
NCMP(L), L = 1, LIM) 

Cards No. 8 

(SMALL(K), K = 1, NK) 

Cards No. 9 

MORE = 1 if additional cards of this type follow. 

The identification numbers of the nodes defining the 
element, listed in order going counter clockwise 
around the element. If NP4 = 0 the element is 
triangular. 

Density of the element. 

Compressional velocity of the element. 

Small-strain shear velocity of the element. 

Dynamic shear strength of the element. 

FORMAT (2014) 

The identification numbers of the nodes along the 
boundary between the soil and the elastic substratum, 
listed in order of increasing Xl. 

FORMAT(I6,11(I4,2I1)/12(I4,2I1)) 

LIM is the number of time histories that are to be 
saved. Up to 400 time histories can be saved and will 
be written on an output tape. The first 16 only will 
also be kept in core. The maxima and minima of these 
will be listed in the printer output, and they will 
be available for plotting. NSV is the 
identification number of the element (or node). If 
lOPS = 1 , a strain time history for element NSV is 
saved. If lOPS = 2 , a stress time history is saved 
for that element. If lOPS = 3 , a particle 
velocity time history is saved for node NSV. If 
NCMP = 1 the Xl component of particle velocity or 
the 11 component of deviatoric stress or strain is 
saved. If NCMP = 2 the 13 component of deviatoric 
stress or strain is saved. If NCMP = 3 the X3 
component of particle velocity or the 33 component 
of deviatoric stress or strain is saved. If NCMP = 
4 the mean stress or strain is saved. 

FORMAT(5E14.8) 

These cards must be omitted if IH = 1 on Card No.2. 

Input horizontal acceleration. 

FORMAT(5E14.8) 

These cards must be omitted if IV = 1 on Card No.2. 
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(SMAll(K), K = 1, NK) Input vertical acceleration. 

The remaining cards are input to the plotting program. For each plot one 
No. 10 card is read followed by the corresponding No. 11 card(s). 

Card(s) No. 10 

MORE 

NCH 

XMAX 

YMAX 

NX 

NY 

XAlPH 

YAlPH 

Card ( s) No. 11 

FORMAT(Il,I2,F3.0, F4.0, 2I2,3A10,3A10) 

MORE = 1 if this is not the last plot. 

Number of time histories to be plotted. 

Total time corresponding to the length of the hori
zontal axis of the plot, which is 11 inches. 

Total interval in velocity, stress, or strain units 
corresponding to the length of the vertical axis of 
the plot, which is 9 inches. 

Number of divisions on the horizontal axis of the 
plot. 

Number of divisions on the vertical axis of the plot. 

Alphameric label of the horizontal axis. 

Alphameric label of the vertical axis. 

FORMAT(12(I2,F4.0)) 

(lY(J), YBASE(J), J = 1, NCH) If lY = 91 and if IH = 1 on card No.2, 
the time history plotted will be the input 

horizontal particle velocity. If lY = 93 and if 
IV = 1 on card No.2, the time history plotted will 
be the input vertical particle velocity. Otherwise 
lY refers to the sequence number of the time history 
on card No. 7 and may not exceed 16. 

YBASE is the distance in units of velocity, stress, 
or strain which the zero line for a given time 
history is moved up from the bottom line of the plot. 
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If the vertical or horizontal motion of each boundary node is to be 

individually specified, then an input magnetic tape must be provided. The 

tape is unformatted and is read by a statement that begins IREAD(l7)". The 

first record is 

(ALTP(J), J = 1,8), ITH, lTV 

where ALTP is simply alphameric identification. ITH = 1 if horizontal 

particle velocity is provided and lTV = 1 if vertical particle velocity is 

provided. There are NK subsequent records if only one component is provided 

and twice that many if two components are provided. They are of the form 

(VTP1(J), J = 1, JLIM) 

(VTP3(J), J = 1, JLIM) 

where VTPl is the horizontal particle velocity and VTP3 is the vertical 

particle velocity specified for each boundary point in order. If both 

components are specified the records occur in pairs, one pair for each instant 

of time. The horizontal component is the first member of each pair. 

The printer output lists the input parameters and also the maximum and 

minimum values of up to 16 of the time histories that were saved in the run. 

The output listing supplied with this report applies to the sample problem, 

illustrated in Figure 1, for which the input motion is a positive triangular 

spike of horizontal acceleration with amplitude 0.5 g and duration 0.2 sec 

followed by a negative triangular spike with the same amplitude and duration 

followed by 2.6 sec of zero acceleration (Figure 2). Other parameters are 

given in the output listing. The output is illustrated in Figure 3. A 
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listing of the input deck is included with this report. 
The time histories that are saved are written on magnetic tape without 

low-pass filtering. The tape is unformatted, and is written by a statement 
that begins "WRITE(16)". These are NK records, one for each instant of 
time. Each record consists of the saved values in the same order as on input 
card(s) No.7. 

The plane strain program as written may require as many as 62,000 
(decimal) words of small core memory and 404,000 words of large core memory on the CDC 7600. For large problems running time is essentially proportional to 
the product of the number of elements and the number of time steps. On the 
CDC 7600 the program requires about 220 microseconds per element per time step. 

Important variables in the plane strain program are listed below with 
definitions. 
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ALL(J) 

ALS(J) 

VF1(K), VF3(K) 

SD11(NL), SD13(NL), 
SD22(NL), SD33(NL) 

SM(NL) 

ST11, ST13, ST33 

ED11(NL), ED13(NL), 
ED33(NL) 

EM(NL) 

DS11, DS13, DS33 

DEll, DE13, DE33 

OEM 

DED11, DED13, DED33 

F1(NP), F3(NP) 

V1(NP),V3(NP) 

SIGY(J) 

N1(NL), N2(NL), 
N3(NL), N4(NL) 

RBM(NL) 

PMD( NP) 

ECL(J) 

ECS(J) 

FCL(J) 

FCS(J) 

Coordinates in stress space of the "centers" of the 
yield surfaces. The variable is stored in large core 
memory. 

The same quantity as above stored in small core 
memory. 

Horizontal and vertical components of input motion. 

Components of normalized deviatoric stress for 
element NL. 

Normalized mean stress for element NL. 

Components of normalized total stress. 

Components of normalized deviatoric strain for 
element NL. 

Normalized mean strain for element NL. 

Increments of normalized deviatoric stress. 

Increments of normalized total strain. 

Increments of normalized mean strain. 

Increments of normalized deviatoric strain. 

Horizontal and vertical components of force on 
node NP. 

Horizontal and vertical components of particle 
velocity for node NP. 

Normalized yield stress for the J yield surface. 

Identification numbers of the nodes that define 
element NL, listed in order going counterclockwise 
around the element. If N4(NL) equals zero the 
element is triangular. 

Normalized reciprocal bulk modulus of element NL. 

The mass associated with node NP divided by the time 
step DEL T. 

Coefficients for determining increments of normalized 
strain in terms of particle velocities at the nodes. 
Variable is stored in large core memory. 

Same quantity as above stored in small core memory. 

Coefficients for determining force on the nodes in 
terms of normalized total stress. Variable is stored 
in large core memory. 

Same quantity as above stored in small core memory. 
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The Antiplane Strain Program 

As with the plane strain program, all input quantities are expressed in E2! units except for acceleration, which is given as a fraction of the 
acceleration of the acceleration of gravity. The input cards are listed below 
with an explanation of the variables. 
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Card No. 1 

ALPHA(J) 

Card No. 2 

DELT 

NK 

RHON 

VSN 

THETA 

NPT 

JLIM 

ITAPE 

Fl, F2 

Card No. 3 

FACTOR 

Cards No. 4 

(Xl(NP),X3(NP), 
NP = 1,NPT) 

Cards No. 5 

FORMAT(8A10) 

Any desired alphameric identification. 

FORMAT(F8.0, 14, F8.0, E10.0, F5.0, 14, 13, 11, 2F5.0) 
Time interval for input data points and time step for finite difference computations. 

Number of points on the input time histories NK must not exceed 8000. 

The density of the elastic substratum. 

The shear velocity of the elastic substratum. 

The angle in degrees between the vertical and the ray direction of an incoming plane shear wave in the elastic substratum. The angle is taken as positive if the shear wave is incident from the left (i.e. the direction in which the horizontal coordinate decreases). 

The total number of nodes in the mesh representing the soil. NPT must not exceed 1000. 

The number of nodes on the boundary between soil and elastic substratum. JLIM must not exceed 400. 

ITAPE = 1 if an input magnetic tape is provided. 
Parameters specifying the response of the low-pass filter. If either Fl or F2 is zero no filtering is done. 

FORMAT(E10.0) 

A factor by which the coordinates of the nodes on the following set of cards will be multiplied. 

FORMAT(lOF8.0) 

Horizontal (Xl) and vertical (X3) coordinates of the nodes. Xl increases toward the right and X3 increases upward. NP is the identification number for the node. 
FORMAT(ll, 414, F5.0, 2E10.0) 

One card for each element of the mesh. These must not be more than 1000 elements. 
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MORE 

NP1, NP2, NP3,NP4 

ROO 

VS 

TAU 

Cards No. 6 

(NPBP{J),J = 1,JLIM) 

Card{s) No.7 

LIM,{NSV{L),IOPS(L), 
NCMP{L), L=l,LIM) 

Cards No. 8 

(SMALL(K), K = 1,NK) 

MORE = 1 if additional cards of this type follow. 

The identification numbers of the nodes defining the 
element, listed in order going counter clockwise 
around the element. IF NP4 = 0 the element is 
triangular. 

Density of the element. 

Small-strain shear velocity of the element. 

Dynamic shear strength of the element. 

FORMAT(2014) 

The identification numbers of the nodes along the 
boundary between the soil and the elastic substratum, 
listed in order of increasing Xl. 

FORMAT(I6,11{I4,2Il)/{12{I4,2I1)) 

LIM is the number of time histories that are to be 
saved. Up to 400 time histories can be saved and will 
be written on an output tape. The first 16 only will 
also be kept in core. The maxima and minima of these 
will be printed out and they will be available for 
plotting. NSV is the identification number of the 
element (or node). If lOPS = 1, a strain time 
history for element NSV is saved. If lOPS = 2 a 
stress time history is saved for that element. If 
lOPS = 3, a particle velocity time history is saved 
for node NSV. If NCMP = 1, the 12 component of 
deviatoric stress or strain is saved. If NCMP = 2, 
the 23 component of deviatoric stress or strain is 
saved. 

FORMAT(5E14.8) 

These cards must be omitted if ITAPE = 1 on Card No. 2 

Acceleration values for a plane shear wave incident in 
the elastic substratum. 

The remaining cards are input to the plotting program. For each plot one 
No.9 card is read followed by the corresponding No. 10 card(s). 
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Card (s) No. 9 

MORE 

NCH 

XMAX 

YMAX 

NX 

NY 

XAlPH 

YAlPH 

Card(s) No. 10 

(lY(J),YBASE(J), 
J=l,NCH) 

FORMAT(Il,I2,F3.0,F4.0,2I2,3A10,3A10) 

MORE = 1 if this is not the last plot. 

Number of time histories to be plotted. 

Total time corresponding to the length of the horizon
tal axis of the plot which is 11 inches. 

Total interval in velocity, stress, or strain units 
corresponding to the length of the vertical axis of 
the plot, which is 9 inches. 

Number of divisions on the horizontal axis of the plot 

Number of divisions on the vertical axis of the plot. 

Alphameric label of the horizontal axis. 

Alphameric label of the vertical axis. 

FORMAT(12(I2,F4.0)) 

If lY = 92 and ITAPE = 1, the time history plotted 
will be the particle velocity for the shear wave 
incident in the elastic substratum. Otherwise lY 
refers to the sequence number of the time history on 
card No. 7 and may not exceed 16. YBASE is the 
distance in units of velocity, stress, or strain 
which the zero line for a given time history is moved 
up from the bottom of the plot. 
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If the motion of each boundary node is to be individually specified, then 

an input magnetic tape must be provided. The tape is unformatted and is read 

by a statement that begins IREAD(l7)". The first record is 

(ALTP(J), J = 1,8) 

ALTP is simply alphameric identification. There are NK subsequent records, 

each giving the particle velocities for the boundary nodes at an instant. A 

record consists simply of the velocity values in order. 

The printer output lists the input parameters and also the maximum and 

minimum values of up to 16 of the time histories that were saved in the run. 

The output listing supplied with this report applies to the sample problem, 

illustrated in Figure 1, for which the input motion is a vertically 

propagating shear wave incident in the elastic substratum. The time history 

of acceleration is a positive triangular spike of amplitude 0.5 g and duration 

0.2 sec followed by a negative triangular spike of the same amplitude and 

duration followed by 2.6 sec of zero acceleration (Figure 2). Other 

parameters are given in the output listing. The output is illustrated in 

Figure 4. A listing of the input deck is included with this report. 

The time histories that are saved are written on magnetic tape without 

low-pass filtering. The tape is unformatted and is written by a statement 

that begins IWRITE(16)". These are NK records, one for each instant of time. 

Each record consists of the saved values in the same order as on input card(s) 

No.7. 

The antiplane strain program as written may require as many as 62,000 

(decimal) words of small core memory and 404,000 words of large core memory on 

the CDC 7600. As with the plane strain program, running time for large 

15 



-- - -- --~-

problems is essentially proportional to the product of the number of elements 

and the number of time steps. On the CDC 7600 the program requires about 120 

microseconds per element per time step. 

The important variables in the antiplane strain program are named in the 

same way as those in the plane strain program, for which definitions have 

already been given. The only difference is the different numbering 

corresponding to the fact that different components of stress, strain, force, 

and velocity are involved in the different problems. 

Adaptation to Computer Systems Other Than CDC 

The programs were written for the CDC 7600 at the Lawrence Berkeley 

Laboratory, University of California. Modifications will be necessary to run 

the programs on other systems. The PROGRAM statement at the beginning is a 

peculiarity of CDC FORTRAN and would have to be removed for use with other 

systems. The LARGE statements indicate that the listed variables are stored 

in Large Core Memory (LCM) on the 7600. Data stored in LCM on the 7600 must 

be transferred to Small Core Memory (SCM) before being used in computation. 

Data transfer is accomplished by the SMALLIN and SMALLOUT statements. 

Execution of the statement SMALLIN (A,B,n) causes the transfer of n words 

from the array B in LCM to the array A in SCM. Execution of the 

statement SMALLOUT (A, B, n) causes the transfer of n words from the 

array A in SCM to the array B in LCM. In other systems these variables 

named in the LARGE statements would have to be stored in main core storage 

or on a rapid access storage device such as a disk. Substitutes for the 

SMALLIN and SMALLOUT statements would have to be devised. 
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Subroutine NLPLT is a plotting subroutine that makes use of subroutines 
that were written for the CALCOMP plotter. If those subroutines are not 
available to the user, he will have to modify or replace NLPLT. At the end 
of both main programs, when the call to NLPLT occurs, the first 16 of time 
histories that have been saved are available for plotting in an array called 
VSAVE of dimensions (8000,16). In the p1anestrain program, if the input 
motion was specified on cards, the horizontal and vertical time histories of 
particle velocity for the input are available in arrays VFl and VF3 with 
dimension (8000). In the antip1ane-strain program, if the input motion was 
specified on cards, the time history of particle velocity for the input is 
available in array VF2 with dimension 8000. 
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Figure 1. -- Diagram of soil embankment that constitutes the sample 
problem. Numbered nodes are those for which output is illustrated in Figures 
3 and 4. 
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Figure 2. -- Input acceleration time history for sample problem. 
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Figure 3. -- Particle velocity time histories for the plane strain 

problem .. Numbers refer to nodes designated on Figure 1. 
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Figure 4. -- Particle velocity time histories for the antiplane strain 

problem. Numbers refer to nodes designated on Figure 1. 
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PLANESTRAIN PROGRAM 

SOURCE LISTING 

AND 

OUTPUT LISTING FOR SAMPLE PROBLEM 
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PGM 

~ 

• 
• 10 

16 

• 52 

N 106 
-!::> 

• 125 
126 

• 132 
140 
141 

• 143 
144 
146 

• 155 
156 
165 

• 167 
171 
177 

• 201 
210 
211 

• 220 
222 
224 

• 232 
237 

• 264 
270 

• 
~ 

PROGRAM PGM(INPUT,OUTPUT,TAPES=INPUT,TAPE6=OUTPUT,TAPE16, 
° TAPE17,TAPE98=101,PLOT,TAPE99=PLOT) 

LARGE ALL(27000),ECLI14400),FCL(7200) 
LARGE VFl(8000),VF3(8000) 
LARGE VSAVEI8000,16) 
REAL SMALL(8002) 
INTEGER IOPS(400),NCMPI400),NSV(400) 
INTEGER ALPHA(8) 
REAL SIGYIlO),SIGY2Il0),CNI10) 

501 FORMATI8AlO) 
502 FORMAT(lHl,OPLANE STRAIN NONLINEAR GROUND RESPONSE-II 

- lX,8AlO/) 
503 FORMATIF8.0,I4,F8.0,2EI0.0.14,I3.3Il.2F5.0) 
504 FORMAT(SX,ODELTz-.FIO.7/5X,oNK.-.I61 

- SX,-RHON=-,F6.3/5X,oVPN·-.E12.4/SX.-VSN·-.ElZ.41 
- SX.-NPT=-.I6/5X.-JLIM·-,I5/SX.-IH=o.I2/5X.-IV·-.IZI 
- SX,-ITAPE·-,IZ/SX,-Fl=-,F6.Z/SX.-F2=-,F6.Z) 

SOS FORMAT(SE14.8) 
506 FORMATIllllX.-EXTREME VALUES-I) 
507 FORMATI3X,-INPUT HORIZONTAL-I) 
508 FORMATI3X.-INPUT VERTICAL-I) 
S09 FORMATI3X,-L.-,I3,3X.-NSY=-.I5. 

- 3X,-IOPS=*,I2.3X.-NCMP·-.I2/) 
READIS.SOl) IALPHAIJ) .,J=I.8) 
WRITEI6.S02) IALPHAIJ),J=I,8) 
READIS,S03) DELT.NK.RHON.YPN.YSN.NPT.JLIM. 

- IH.IY.ITAPE.Fl.F2 
WRITEI6.S04) DELT.NK.RHON.YPN.YSN.NPT.JLIM. 

- IH.IY.ITAPE.Fl.F2 
CALL SETUPIDELT.RHON.YPN.YSN.MAX.SIGy.SIGY2.CN. 

- NPT,NLT.JLIM.IOPS.NCMP.NSy.LIM) 
LSY=LlM 
IFILSY.GT.16) LSY=16 
DO 1 K=l,NK 
VflIK)=O.O 
VF3IK)=0.0 
G=980.0 
IFIIH.NE.ll GO TO 11 
READI5.50S) ISMALLIK).K-l.NK) 
VOK=O.O 
DO 12 K-l.NK 
VOK=YOK.G-DELT-SMALLIK) 

12 SMALL(K)zVOK 
SMALLOUTISMALL.Yfl.NK) 

11 IFIIY.NE.ll GO TO 13 
REAO(S.S05) ISMALLIK).K-l.NK) 
YOK=O.O 
DO 14 Kzl.NK 
VOK=YOK.G-DELT-SMALL(K) 

14 SMALLIK)-YOK 
SMALLOUTISMALL.Vf3.NK) 

13 WRITE(16) (ALPHAIJ).Jzl.8) 
CALL NLPSSIDELT.NK.Yfl.YF3,YSAYE.ITAPE. 

- MAX,SIGY.SIGY2.CN.NPT.NLT.JLIM.IOPS.NCMP.NSV.LIM) 
WRITE (6.S06) 
If (IH.NE.ll GO TO 21 

. ~ 



a 

• 
• 
• 

N 

• (J1 

• 
• 
• 
• 
• 
a 

a 

• 
• 
• 

PGM 
WRITE 16.507) 
SMALLINISMALL.VFI.NKI 
CALL XTRMI5MALL.NK) 

21 IFIIV.NE.I) GO TO 22 
WRITE 16.50A) 
SMALLINISMALL.VF3.NK) 
CALL XTRMISMALL.NK) 

22 NKM=NK 
IFIFl.EQ.0.0.OR.F2.EQ.0.0) GO TO 24 
NKM=NKM-20 

24 DO 23 L=I,LSV 
WRITEI6,509) L,~SVILI,IOPSIL),NCMPIL) 
SMALLINISMALL.VSAVEIl.L).NKI 
IFIFI.EQ.0.O.OR.F2.fC.0.0) GO TO 23 
CALL FILTERISMALL.FI.F2,80,DELT,NK) 
SMALLOUTISMALL,VSAVEll.L).NK) 

23 CALL XTRMISMALL,NKM) 

272 
276 
304 
306 
310 
314 
322 
324 
325 
334 
335 
337 
355 
366 
374 
400 
411 
416 
431 
433 

CALL NLPLTIVFl,VF3.VSAVE,SMALL,NKM.DELT.AlPHA) 
STOP 
END 

PROGRAM lENGTH INCLUDING 1/0 BUFFERS 

25531 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
11 - 000200 13 .. 0001'33 21 .. 000307 22 
501 - 000453 502 - 000455 503 .. 000466 504 
507 .. 000532 508 - 000536 509 .. 000542 

BLOCK NAMES AND LENGTHS 
'LCMI- 0570130 

VARIABLE ASSIGNMENTS 
ALL - OOOOOOO/LC ALPHA .. 022554 CN .. 022610 OELT 
n - 022635 F2 - 022636 G .. 022644 IH 
IV - 022633 J - 022622 JlIM - 022631 K 
lSV .. 022642 MAX - 022637 NCMP .. 021114 NK 
NPT - 022630 NSV - 021734 RHON .. 022625 SIGY 
VFl - 0136730ILC VF3 - 0156430/LC VOK - 022645 VPN 

START OF CONSTANTS-000436 TEMPS--000563 INDIRECTS-000567 

7600 COMPILATION RUN76 LEVEL 20 23 NOV 77 

ROUTINE COMPILES IN 045100 

.. 000325 23 .. 000412 24 .. 000336 

.. 000473 505 .. 000524 506 .. 000526 

.. 022623 ECl .. 0064570/LC FCL .. 0120670/LC 
- 022632 lOPS .. 020274 ITAPE .. 022634 
- 022643 l .. 022647 LIM - 022641 
- 022624 NKM .. 022646 NLT .. 022640 
- 022564 SIGY2 .. 022576 SMALL - 000572 
- 022626 VSAVE • 0176130/LC VSN .. 022627 



NLP55 

N 
0'1 23 

~4 
26 
37 
60 
61 
65 
67 
71 
72 
73 
74 
75 
76 
77 

100 
101 
103 
105 
105 
106 
106 
liZ 
1Z6 
134 
135 
135 

SUBROUTINE NLPSSCDELT.NK.VFl.VF3.VSAVE.ITAPE • 
.. MAX.SIr,Y.SIGY2.CN.NPT.NLT.JLIM.IOPS.NCMP.NSV.LIMI 

C VERSION OF 9/26/75 

501 

10 

LARGE ALLC270001.ECLC144001.FCLC72001 
LARGE VF1(8000) .VF3(ROOOI 
LARGE VSAVE(ROOO.161 
REAL ALSC31.EC51161.FC5CBI 
REAL Al (31 .A2 C3ItA3(3).s 131 
INTEGER ALTPCSI 
INTEGER MPIVCZI 
INTEGER IOP5(4001.NCMPI400).N5V(4001 
REAL VTAPE 14001 
REAL 5M(900) 
REAL 5011(900).5D13(9001.5022(900).5033(900) 
REAL EOll(900).ED13(9001.E033(900).EM(900) 
REAL F1(10001.F3(1000) 
REAL VII10001.V3(1000) 
REAL VTP1(400),VTP3(400) 
REAL SIGY(lO) .5IGY2(10) .CNnO) 
COMMON ERA(900),TAUA(9001 
COMMON N1(900),N2(9001,N3(900),N4(900) 
COMMON R8M(9001 
COMMON IPTPC10001 
COMMON Xl(10001,X3(1000) 
COMMON PMO(IOOOI 
COMMON NP8P(400) 
COMMON CFl1(400).CF13(400),CF31(400),CF33(400) 
FORMAT(///lX,8AI0/3X.*ITH·*,I2/3X.*ITV·*.IZ) 
ITH=O 
ITV=O 
IF(ITAPE.NE.1) GO TO 10 
READ (171 (Al TP IJ) .J=l ,8) , ITH. lTV 
WRITE(6.5011 (ALTP(JI.J=1.8),ITH,ITV 
L5V=LIM 
IF(L5V.GT.16) L5V=16 
DO 1 NL=l.NLT 
INDL=(NL-l)*30 
SM(NLl=O.O 
SDll (NL)=O.O 
S013CNLI=O.O 
5D22(NL)=0.0 
5D33(NLI=0.0 
EMINLl=O.O 
EOll (NL)=O.O 
ED13INll=0.0 
ED33CNLI=0.0 
DO 1 MM=l.MAX 
AL5(lI=O.0 
ALS(2)=0.0 
AL5(J)=O.O 
INDX=INDL+IMM-l)*3+1 
5MALLOUTCALS.ALLIINOX).3) 
DO 11 NP=l.NPT 
Fl(NP)=O.O 
F"3INPI=0.0 
Vl(NP)=O.O 

~" -' I - -------------. 



NLPSS 
135 11 V3INP)=0.0 • 137 DO 21 K=I.NK 
144 DO 22 NL=I.NLT 
145 INDL=INL-11*30 • 147 INOE=INL-ll*16+1 
151 INDF=INL-ll*S+1 
153 NIT=NIINLI • 155 N2T=N2INLI 
157 N3T=N3INLl 
161 N4T=N4INLI • 164 SMALLINIECS.ECLIINOE),161 
201 DEl1=ECSlll*VlINITI+ECSI51*VIIN2TI+ECS(9)*VlCN3TI 
206 DEI3=ECSI21*VIINIT)+ECSI31*V3INIT)+ECSC61*VIIN2TI+ • * ECSC71*V3IN2T)+ECSCI0)*VICN3TI+ECSCll)*V3CN3T) 
223 DE33=ECS(4)*V3INIT)+ECSC8)*V3CN2TI+ECSC12)*V3CN3T) 
231 IFIN4T.EQ.OI GO TO 23 • 235 DEll=DEll+ECSC131*VlIN4TI 
237 DE13=OEI3+ECSCI41*VICN4TI+ECSI151*V3CN4TI 
243 OE33=DE33+ECSCI61*V3CN4TI • 246 23 OEM=IDE11+0E331/3.0 
251 OEDl1=DEI1-0EM 
252 OE013=OEI3 • 253 DE033=OE33-DEM 
254 SMCNLI=SMCNLI+RBMINLI*OEM 
260 DO 31 JJ=I,3 • 265 AIIJJI=O.O 
266 A2IJJI=O.0 
266 31 A3IJJI=0.0 

( 267 111111=1.0 
270 A2121=1.0 

N 271 113131=1.0 
-....J 273 00 32 MM=I.MAX • 300 INDX=INDL+IMM-II*3+1 

303 SMALLINIALS,ALLIINOXI,31 
310 CAll=SDll INLl-ALS C 11 • 312 CA13=SD13INLI-ALSC2I 
315 CA22=S022INLI+ALSlll+ALSI31 • 321 CA33=SD13INLI-ALSI31 
324 TEMP=CA13*CA13 
326 CALL=CAll*CA11+CA22*CA22+CA33*CA33+TEMP+TEMP • 333 JFICALL.LE.SIGY2(MMII GO TO 32 
337 FACT=CNIMMI*CALL 
341 TEMP=(CAII-CA221/FACT • 344 AICll=AlI11+CA11*TEMP 
346 1I112I=AI(2)+CA13*TEMP 
351 AlI31=AI131+CA31*TEMP 

f 353 TEMP=ICAI3+CA131/FACT 
354 A2(1)=A2I1)+CA11*TEMP 
357 A2121=A2121+CAI3*TEMP 
360 A2131=A2131+CA33*TEMP 
362 TEMP=ICA33-CA221/FACT 
364 A3111=A3111+CA11*TEMP 
367 A3121=A3121+CA13*TEMP 
371 A3131=A3131+CA33*TEMP 
373 FACT=SIGYIMMI/SQRTICALLI 
377 ALSlll=SDlIINLI-FACT*CAll 

• 



., 
NLPSS 

It 403 ALSI21=S013INLI-FACToCAI3 
406 ALSI31=S033INLI-FACToCA33 
412 SMALLOUTIALS.ALLIINOXI.31 

It 424 32 CONTINUE 
427 B 1 1 1 =OEO 11 
430 8121=OEOI1 

It 431 B131=OE033 
433 PIV=O.O 
434 00 33 JJ=1.3 

• 435 IfIABSIAIIJJII.LE.ABS(PIVII GO TO 33 
442 PIV=AIIJJ) 
444 MPVT=JJ 

• 446 33 CONTINUE 
450 MPIVlll=MPVT 
451 A2IMPVT)=AZIMPVTI/PIV 

• 454 A3IMPVT)=A3IMPVTI/PIV 
455 B(MPVT)=BIMPVTI/PIV 
457 MPVP=MPVT 

• 460 PIV=O.O 
461 00 34 JJ=1.3 
462 IF(JJ.EQ.MPIV(111 GO TO 34 

• 465 AZ(JJI=AZ(JJI-AI(JJloA2IMPVPI 
471 A3IJJ)=A3(JJ)-Al(JJ)OA31~PVP) 

474 B(JJ)=B(JJI-AIIJJ)OB(MPVP) 

• 500 IFIABSIA2(JJ».LE.ABS(PIV» GO TO 34 
506 PIV=A2(JJ) 
510 MPVT=JJ 

• N 511 34 CONTINUE 
00 513 MPIV(ZI=MPVT 

514 A3(MPVT)=A3(MPVT)/PIV 

• 517 B(MPVTI=B(MPVT)/PIV 
520 MPVP=MPVT 
521 00 35 JJ=I.3 

• 
523 IF(JJ.EQ.MPIV(II) GO TO 35 
524 IFIJJ.EQ.MPIV(2» GO TO 35 
527 A3(JJ)=A3(JJI-A2(JJ)OA3IMPVP) 

• 
533 BIJJ)=B(JJI-A2(JJ)*BIMPVP) 
537 MPVT=JJ 
540 35 CONTINUE 

~ 
547 OS33aB(MPVT)/A3(MPVT) 
551 MPVT=MPIV(21 
553 OSI3=B(MPVTI-A3(MPVT)*OS33 

• 
557 MPVT=MPIVlll 
560 OSll=BIMPVT)-A2(MPVTI*OSI3-A3(MPVT)*OS33 
566 SOII(NL)=SDll(NL)+OSI1 
567 S013(NL)=S013(NL)+OSI3 
571 S02Z(NL)=SD2Z(NL)-OSII-0S33 
574 SD33(NLI=S033(NL)+OS33 
576 EM(NL)=EM(NL)+OEM 
601 EOll(NL)=E011(NL)+OEOll 
604 EOI3(NL)=E013(NL)+OEOI3 
607 E033INLI=E033(NL)+OE033 
612 STll=SOI1INL)+SM(NLI 
614 STl3=SO 131 NLI 
616 ST33=S033(NL)+SM(NL) 
620 SMALLINIFCS.FCL(INOF).8) 

.' 
• . -_ .. - - - --- . - _ . .. - ---- .. ... , " .-, - - - - - -.. - . 



NLPSS 
626 Fl (NIT)=Fl(NIT)+FCS(I)*STII+FCS(2)*STI3 • 633 F3(NIT)=F3(NIT)+FCS(1)*STI3+FCS(2)*ST33 
640 Fl(N2T)=Fl(N2T)+FCS(3)*STll+FCS(4)*STI3 
645 F3(N2T)=F3(N2T)+FCS(3)*STI3+FCS(4)*ST33 

~ 652 Fl(N3T)=FIIN3T)+FCS(5)*ST11+FCS(6)*STI3 
657 F3(N3T)=F3(N3T)+FCS(5)*ST13+FCS(6)*ST33 
664 IF(N4T.EQ.0) GO TO 22 

f M5 Fl(N4T)=Fl(N4T)+FCS(7)*STll+FCS(A)*STI3 
672 F3(N4T)=F3(N4T)+FCS(7)*ST13+FCS(S)*ST33 
677 22 CONTINUE 

~ 702 DO 51 NP=l,NPT 
703 IF(IPTP(NP).NE.O) GO TO 51 
707 TKNP"'1.0/PMD(NP) 

f 711 Vl(NP)=Vl(NP)+TKNP*F1(NP) 
715 V](NP)=V3(NP)+TKNP*F3(NP) 
720 fl (NP) =0.0 

f 721 F3(NP)=0.0 
721 51 CONTINUE 
724 VflX=VFl (K) 
726 VF3X=VF3(K) 
730 IF(ITH.fQ.1) READ(17) IVTP1IJ),J~1,JLIM) 

744 IF(ITV.EQ.lI READ I 17) (VTP3IJ) ,J~l,JLIM) 
760 DO 52 J=l,JLIM 
762 NPX=NPBPIJ) 
764 PMDX=PMD(NPX) 
766 IF I ITH.fQ.lI VFIX=VTP1IJ) 
773 IF(ITV.EQ.1) VF3X=VTP3(J) 

1003 FlX=Fl (NPX) 
N 1004 F3X=F3INPX) 
\.0 1006 V1X=VIINPX) 

1007 V3X=V3INPX) 
1011 V1(NPX)=VF1X+CFIIIJ)*IFIX.PMDX*IV1X-VF1X»+ 

* CFI3(J)*IF3X+PMDX*(V3X-Vf3X» 
1023 V3INPX)=VF3X+CF31IJ)*IFIX+PMDX*IV1X-VflX»+ 

* CF33(J)*(F3X+PMDX*(V3X-VF3X» 
1036 fl (NPX) =0.0 
1040 52 F3(NPX)=0.0 
1045 DO 61 L=I,LIM 
1046 NSVL=NSV (L1 
1050 IF(IOPS(L).EQ.1) GO TO 63 
1053 IF(IOPS(L).EQ.2) GO TO 64 
1055 IF(NCMP(L).EQ.l) VTAPE(L)=Vl(NSVL) 
1063 IF(NCMP(L).EQ.3) VTAPE(L)"'V3(NSVL) 
1072 GO TO 61 
1073 63 IFINCMP(L).EO.I) VTAPE(L)afD11INSVL)*ERA(NSVL) 
1102 IF(NCMP(L).EQ.2) VTAPE(L).EDI3(N5VL)*ERA(NSVL) 
1111 IF(NCMP(L).EQ.3) VTAPE(L)=ED33(NSVL)*ERA(NSVL) 
1120 IF (NCMP (L1 .EO.4) VTAPE(L)=EM(NSVL)*ERA(NSVL) 
1127 GO TO 61 
1130 64 IF(NCMP(L).EO.l) VTAPE(L)"'SDI1INSVL)*TAUAINSVL) 
1137 IF(NCMP(L).EQ.2) VTAPEIL)=SDI3(NSVL)*TAUAINSVL) 
1146 IF(NCMP(L).EQ.3) VTAPE(L)=S033(NSVL)*TAUAINSVL) 
1155 IF(NCMP(L).EQ.4) VTAPE(L)=SM(NSVL)*TAUA(NSVL) 
1164 61 CONTINUE 
1167 DO 62 L=I,LSV 
1176 62 VSAVEIK,L)"'VTAPf(L) 

• 



• NLPSS 

• 1201 IoIRITE(1 6 ) IVTAPEIU.L=I.LIM) 
1216 21 CONTINUE 
1220 RETURN 

• 1220 END 

• SUBPROGRAM LENGTH 

• 33420 

fUNCTION ASSIGNMENTS 

• STATEMENT ASSIGNMENTS 
10 .. 000061 22 .. 000700 23 - 000247 32 - 000425 33 .. 000447 34 .. 000512 

• 35 .. 000541 51 .. 000722 61 - 001165 63 - 001074 64 ... 001131 501 - 001224 

BLOCK NAMES AND LENGTHS 

• 'LCMI- 0136730 
II - 030014/01 

• VARIABLE ASSIGNMENTS 
ALL .. OOOOOOO/LC ALS .. 001270 ALTP - 001337 At - 001323 A2 .. 001326 43 .. 001331 
B - 001334 CALL - 0]3372 CAll - 033365 CA13 - 033366 CA22 - 033367 CA33 .. 033370 

• Cfll .. 024714/01 Cft3 - 025534/01 Cnl - 026354/01 Cn3 .. 027174101 CN .. 000003 DEOll .. 033361 
OE013 - 033362 OED33 - 033363 OEM - 033360 DEll .. 033355 OE13 .. 033356 OE33 - 033357 
OS 11 - 033401 0513 - 033400 OS33 - 033377 ECL • 0064570/LC ECS .. 001273 E011 - 013015 

• E013 - 014621 ED33 - 016425 EM - 020231 ERA - 000000101 fACT .. 033373 fCL - 0120670/LC 
fCS - 001313 fI - 022035 fiX - 033412 n - 024005 f3X .. 033413 INOE - 033347 
INOf - 033350 INDL - 0)3342 INDX - 033344 lOPS .. 000007 IPTP .. 014234/01 IlH - 033335 

.~ lTV - 033336 J - 033337 JJ - 033364 JLIM - 000006 K .. 033346 L - 033416 
LIM - 000012 LSV - 033340 MAX - 000000 MM - 033343 MPIV - 001347 MPVP - 033376 
MPVT .. 033375 NCMP - 000010 NL - 033341 NLT - 000005 NP .. 033345 NPBP .. 024074/01 

• NPT .. 000004 NPX - 033410 NSV - 000011 NSVL - 033417 N1 .. 003410/01 NlT - 033351 
N2 - 005214/01 N2T - 033352 N3 - 007020/01 N3T .. 033353 N4 - 010624/01 N4T - 033354 
PIV - 033374 PMO - 022124/01 PMOX - 033411 RBM - 012430/01 SOU .. 003775 S013 - 005601 

• S022 - 007405 S033 - 011211 SIGY - 000001 SIGY2 .. 000002 SM .. 002171 5T11 - 033402 
STl3 - 033403 5T33 - 03 3404 TAUA - 001604/01 TEMP - 033371 TKNP ... 033405 VflX .. 033406 
Vf3X .. 033407 VTAPE' - 001351 VTPI - 031675 VTP3 .. 032515 VI - 025755 V1X - 033414 
V3 - 027725 113X - 033415 Xl - 016204/01 X3 - 020154/01 

START Of CONSTANTS-001223 TEMPS--001236 INOIRECTS-001260 

7600 COMPILATION RUN76 LEVEL 20 23 NOV 77 

ROUTINE COMPILES IN 047700 

------~ .... - .. - .------



SETUP 

• 
• 
• 

w 

• 
24 • 35 
36 
37 • 50 
76 

107 
~ 137 

lSI 
152 

~ 154 
154 
156 

~ 171 
173 
221 • 223 
254 

~ 302 
302 
304 • 307 

~ 

• 

SURROUTI~E ~ETUP(DELT.RHON,VPN.VSN.MAX,SIGY,SIGY2.CN, 
° NPT,NLT,JLIM.IOPS.NCMP,NSV,LIM) 

LARGE ALL(Z7000).ECL(14400).fCL(7Z00) 
REAL F.CS(16),fCS(B) 
INTEGER IOPS(400).NCMP(400).NSV(400) 
REAL SIGY(lO) ,SIGYZ!lO) .CN(}O) 
REAL Al (3) ,AZ(3) .A3(3) ,B1 (3) .BZ(3) ,83(3) ,84(3) 
INTEGER MPIV(3) 
COMMON ERA(900).TAUA(900) 
COMMON NI(900),N2(900).N3(900).N4(900) 
COMMON RHM(900) 
COMMON IPTP(lOOO) 
COMMON XI (lOOO) .X3(}000) 
COMMON PMO(lnoo) 
COMMON NPBP(400) 
COMMON Cfll(400).Cf13(400) ,Cf31(400).Cf33(400) 

50) fORMAT(EIo.n) 
502 fORMAT(IOf8.0) 
503 fORMAT(llllx.oPOINT LIST*113X.*fACTOR=*,EI4.511 

° lx.5(4X.*NP*.7X.*Xl*,7X.*X3*)/) 
504 fORMAT(IX.I6.Zf9.Z.I6,Zf9.Z.16,2f9.2,16,2f9.2,16,2f9.2) 
505 fORMAT(IIIIX.*ELEMENT LIST*IIIX,4X.*NL*,6X,*NI*,6X.*N2*, 

° 6X,*N30,6X,*N4*.7X,*RHO*,12X,*VP*,12X,*VS*,11X.*TAU*/) 
506 fORMAT(Il,414.f5.0.3EI0.0) 
507 fORMAT(IX,16.4IB.flO.4,3EI4~4) 
511 fORMAT(ZOI4) 
51Z fORMAT(llllx,*BOUNDARY POINTS*II(3X,1018» 
513 fORMAT(I6.11(14,211)/(12(I4,211» 
514 fORMAT(llllx.oSAVE POINTS*114X,*LIM=*,1411(IX,17.212, 

° 17.212.17.212.17,212,17.212,17,212,17,212,17,212, 
* 17,212,17,212» 

516 fORMATIIIIX,oPOINT NUMBER EXCEEDS NPT - JOB TERMINATED*) 
CALL MOOELIMAX,SIGY,SIGY2.CN) 
DO 10 NP=I,NPT 
IPTP(NP)=O 

10 PMO(NP)=O.O 
READ(5,501) fACTOR 
READ(5,502) (Xl(NP),X3(NP),NP=l,NPT) 
WRITE(6,S03) fACTOR 
WRITE(6,504) (NP,Xl(NP),X3(NP),NP=1,NPT) 
00 11 NP=I,NPT 
X1(NP)=fACTOROX1INP) 

II X3INP)=fACTOR*X3(NP) 
MORE=l 
NL=O 
WRlfE(6,505) 

101 If(MORE.NE.I) GO TO 900 
READ(5,506) MORE,NPl,NP2,NP3,NP4,RHO,VP,VS,TAU 
NL=NL'l 
WRITEI6.507) NL.NPl,NP2,NP3,NP4,RHO,VP,VS,TAU 
If(NP1.Gf.NPT.OR.NP2.GT.NPT.OR.NP3.GT.NPT.OR.NP4.GT.NPT) 

° GO TO 901 
NI (NLl =NPI 
N2 (NLI =NP2 
N4(NL)=NP4 
N3 INLI =NP3 



SETUP 
311 
314 
321 
324 
325 
327 
331 
334 
335 
3'57 
3(,Z 
364 
366 
371 
377 
406 
415 
416 
4Z0 t 4Z1 
4Z6 

t 431 
445 
457 t 466 
413 
414 t 471 

w 504 
N 

t 516 
530 

t 531 
533 
531 
543 t 545 
541 
551 

t 554 
556 

t 561 
56Z 
565 

t 510 
511 
514 
511 t 60Z 
605 
610 • 611 
615 
6Z1 • 6Z6 

• 
• 

GMAX=RHO*VS*VS 
RBM(NL)=(3.0*RHO*VP*VP-4.0*G~AX)/(Z.0*GMAX) 
ER=TAU/(Z.O*r,MAX) 
ERA(NL)=ER 
TAUA(NL)=TAU 
ERI=OELT/ER 
INOE=(NL-l)*16+1 
INDf=(NL-1)*S+1 
TEMP=SQRT«Xl(NP3)-Xl(NPl»**2+(X3(NP3)-X3(NPl»**2) 
BXl=(Xl(NP3)-Xl(NPl»/TEMP 
AX3=(X3(NP3)-X3(NPl»/TEMP 
AYl=(X3(NP3)-X3(NPl»/TEMP 
AY3=-(Xl(NP3)-Xl(NPl»/TEMP 
YP2=AYl*(X1(NP2)-Xl(NPl»+BYJ*(X3(NPZ)-X3(NP1» 
XP3=BX1*IXl(NP3)-Xl(NP1»+BXJ*IX3(NP3)-X3(NPl» 
XP2=8Xl*IXl(NPZ)-XlINPl»+BX3*(X3(NPZ)-X3(NP1» 
AA=XP2/YP2 
BB=IXPZ-XP3)/YP2 
CC=XP3 
fMO=YPZ*YP2*(BB-AA)/2.0+YPZ*CC 
fMX=YPZ*YPZ*YPZ*(BB*BB-AA*AA)/6.0+YPZ*YPZ*BB* 

* CC/2.0+YPZ*CC*CC/Z.0 
fMY=YPZ*YP2*YPZ*IBB-AA)/3.0.yPZ*YPZ*CCIZ.0 
IfINP4.EQ.0) GO TO 1Z0 
XP4=BXl*(Xl(NP4)-X1(NPl»+BXJ*(X3(NP4)-X3(NP1» 
YP4=BYl*IXl(NP4)-X1(NPl»+BYJ*IX3(NP4)-X3(NPl» 
AA=XP4/YP4 
BB=(XP4-XPJ)/YP4 
fMO=FMO-YP4*YP4*(BB-AA)/Z.0-YP4*CC 
fMX=fMX-YP4*YP4*YP4*IBB*BB-AA*AAI/6.0-YP4*YP4*BB*CC/2.0 

* -YP4*CC*CCIZ.0 
fMY=fMY-YP4*YP4*YP4*(BB-AA)/3.0-YP4*YP4*CCIZ.O 

120 XC=FMX/fMO 
YC=fMY/FMO 
X1C=xl(NP1)·BX1*xC+BY1*YC 
X3C=X3(NPl)'BX3*XC+BY3*YC 
XIPl=X1(NP1)-XlC 
X3Pl=X3INPl)-X3C 
XIP2=Xl(NP2)-X1C 
X3P2=X3INP2)-X3C 
x1P3=Xl(NPJ)-XlC 
X3P3=X3(NP3)-X3C 
If(NP4.EQ.0) GO TO lZl 
X1P4=X1(NP4)-X1C 
X3P4=X3INP4)-X3C 

1Zl Al(1)=3.0 
If(NP4.NE.0) A1(1)=4.0 
Al(2)=X1Pl+XlPZ.XlP3 
If(NP4.NE.0) A1(Z)=Al(2)'X1P4 
Al(3)=X3Pl+X3PZ.X3P3 
If(NP4.NE.0) A1(31=Al(3)'X3P4 
AZIl)=AlI2) 
AZ(ZI=X1Pl*XlPl+XlPZ*XlPZ+XlP3*xlP3 
IfINP4.NE.0) A2(Z)=AZ(2)+XIP4*XIP4 
AZ(3)=XIPl*X3Pl+XlPZ*X3PZ+XlP3*X3P3 
IfINP4.NE.O) AZ(3)=AZ(3)+XIP4*X3P4 



SETUP 
63Z A3(l)=AI() • 633 A3(2)=AZI3) 
635 A3(3)=X3Pl*X3Pl+X3PZ*X3PZ+X3P3*X3P3 
641 IFINP4.NE.0) A3(3)=A313)+X3P4*X3P4 • 644 Rl(1)=1.0 
645 81 IZ) =XIPI 
647 Rl(3)=X3Pl 
650 8Z ( 1> = 1 .0 • 651 AZIZ)=XIP2 
653 RZ(3)=X3PZ • 654 83(1)=1.0 
655 83(2)=XIP3 
657 R3(3)=X3P3 • 660 IF(NP4.£Q.0) GO TO lZZ 
66Z 84(1)=1.0 
663 R4(Z)=XIP4 • 664 H4(3)=X3P4 
666 122 PIV=O.O 
667 DO 123 JJ=I.3 

t 671 IF(ABS(Al(JJ».LE.ABS(PIV» GO TO 123 
676 PIV=Al(JJ) 
700 MPVT=JJ 
102 123 CONTINUE t 
104 MPIV(I):MPVT 
105 AZ(MPVT)=A2(MPVT)/PIV 
110 A3(MPVT)=A3(MPVT)/PIV • 111 81(MPVT)=Bl(MPVT)/PIV 
113 B2(MPVT)=82(MPVT)/PIV 
115 ~3(MPVT)=83(MPVT)/PIV « 
117 IF(NP4.NE.0) 84(MPVT)=B4(MPVT)/PIV 

w 723 MPVP=MPVT 
w 124 PIV=O.O « 

125 DO 124 JJ=1.3 
127 IF(JJ.EQ.MPIV(l» GO TO 124 
732 A2(JJ)=A2(JJ)-A1(JJ)*A2(MPVP) « 
136 A3(JJ)=A3(JJ)-Al(JJ)*A3(MPVP) 
741 Bl(JJ)=Bl(JJ)-Al(JJ)*81(MPVP) 
745 BZ(JJ)=BZ(JJ)-AIIJJ)*B2(MPVP) 
151 83(JJ)=B3(JJ)-Al(JJ)*B3(MPVP) 
155 IFINP4.NE.0) 84IJJ)=84IJJ)-Al(JJ)*B4(MPVP) 
764 IF(ABS(A2(JJ».L[.ABS(PIV» GO TO 124 
172 PIV=AZ(JJ) 
114 MPVT=JJ 
175 124 CONTI NUE 
177 MPIV(2)=MPVT 

1000 A3(MPVT)=A3(MPVT)/PIV 
1003 A1(MPVT)=B1IMPVT)/PIV 
1004 R2(MPVT)=82IMPVT)/PIV 
1006 B3(MPVT)=B3IMPVT)/PIV 
1010 IF(NP4.NE.0) B4(MPVT)=B4(MPVT)/PIV 
1014 MPVP=MPVT 
1016 DO 125 JJ=I.3 
1017 IFIJJ.EQ.MPIV(I» GO TO 125 
10Z0 IF(JJ.EQ.MPIVIZ» GO TO 125 
10Z3 A3(JJ)=A3IJJ)-A2(JJ)*A3(MPVP) 
10Z7 Al (JJ) =Bl (JJ) -A2 (JJ) *Bl IMPVP) 

• 
----'------'-----



- SETUP 

• 1013 
1037 
1043 

• 1051 
1053 
1055 

• 1056 
1061 
1062 

• 1065 
1066 
1074 

• 1101 
1102 
1104 

• 1105 
1106 
1110 

• 1112 
1113 
1117 

• 1120 
1126 
1133 

• 1134 
1136 
1140 

• 1141 
w 1142 
.j:::> 1145 

• 1146 
1152 
1153 

• 1161 
1166 
1161 

• 1111 
1112 
1113 

• 1201 
1210 
1212 

• 1214 
1220 
1221 

• 1221 
1234 
1235 

• 1231 
1240 
1241 

• 1245 
1250 
1255 

• 1260 
1264 

• 
• 
~-

Q2IJJI=A2IJJI-A2IJJI082IMPVPI 
A3IJJI=83IJJI-A2IJJlo83IMPVPI 
IfINP4.NE.OI B4IJJI=A4IJJI-A2IJJlo84IMPVPI 
MPVT=JJ 

125 CONTINUE 
MPIV(3I=MPVT 
AJ3=AIIMPVTI/A3IMPVTI 
MPVT=MPIVIZI 
AJl=AIIMPVTI-A3IMPVTI*AJ3 
MPVT=MPIVll1 
AJO=AIIMPVTI-A2IMPVTI*AJI-A3IMPVTI*AJ3 
PMDINPll=PMOINPII.RHO*FMO*AJO/DELT 
ECSlll=ERI*AJI 
ECSI21=ERI*AJ3/2.0 
ECSI31=ERI*AJI/2.0 
ECSI41=ERI*AJ3 
MPVT=MPIVI31 
AJ3=82IMPVTI/A3IMPVTI 
MPVT=MPIVI21 
AJl=82IMPVTI-A3IMPVTI*AJ3 
MPVT=MPIVll1 
AJO=82IMPVTI-AZIMPVTI*AJI-A3IMPVTI*AJ3 
PMDINP21=PMOINP21.RHO*FMO*AJO/DELT 
MPVT=MPIVI31 
ECSISI=ERI*AJ3 
ECSI11=ERI*AJI/2.0 
ECSI61=ERI*AJ3/2.0 
ECSI51=ERI*AJI 
AJ3=B3IMPVTI/A3IMPVTI 
MPVT=MPIVI21 
AJl=83IMPVTI-A3IMPVTI*AJ3 
MPVT=MPIVIlI 
AJO=83IMPVTI-A2IMPVTI*AJ1-A3IMPVTI*AJ3 
PMDINP31=PMDINP31.RHO*FMO*AJO/DELT 
ECSI91=ERI*AJI 
ECSI101=ERI*AJ3/2.0 
ECSIlll=ERI*AJI/2.0 
ECSI121=ERI*AJ3 
IFINP4.EQ.OI GO TO 126 
MPVT=MPIVI31 
AJ3=84IMPvTI/A3IMPVTI 
MPVT=MPIVI21 
AJl=A4IMPVTI-A3IMPVTI*AJ3 
MPVT=MPIVI1I 
AJO=B4IMPVTI-A2IMPVTI*AJI-A3IMPVTI*AJ3 
PMDINP41=PMOINP41.RHO*FMO*AJO/DELT 
ECSI131=ERI*AJI 
ECSI141=ERI*AJ3/2.0 
ECSI151=ERI*AJI/2.0 
ECSI161=ERI*AJ3 
FCSlll=TAU*IX3INP41-X3INP211/2.0 
FCSI21=TAU*IXIINP21-XIINP411/2.0 
FCSI31=TAU*IX3INPII-X3INP311/2.0 
FCSI41=TAU*IXIINP31-X1INPI11/2.0 
FCSI51=TAU*IX3INP21-X3INP411/2.0 
FCSI61=TAuoIXIINP4)-X1INP2)1/2.0 
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• 
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• 
• 

w 
(J1 

SETUP 
1266 
1273 
1276 
1306 
1311 
1314 
1321 
1323 
1330 
1333 
1341 
1347 
1347 
1351 
1357 
1371 
1372 
1372 
1373 
1373 
1376 
1403 
1405 
1407 
1412 
1432 
1436 
1442 
1443 
1444 
1445 
1447 
1450 
1452 
1454 
1461 
1467 
1475 
1503 
1505 
1507 
1511 
1512 
1517 
1521 
1523 
1526 
1532 
1534 
1535 
1537 
1543 
1545 
1546 
1556 
1561 

126 

127 

900 

131 

FCS(7)=TAU*IX3INP3)-X3INP1»/2.0 
FCS(8)=TAU*IXIINPl)-X1INP3)1/2.0 
GO TO 127 
FCSll)=TAU*IX3INP3)-X3INP211/2.0 
FCS(2)=TAU*IXIINP2)-X1INP3)112.0 
FCS(3)=TAU*IX3INP11-X3INP3»/2.0 
FCS(4)=TAU*IXIINP31-X1INP111/2.0 
FCSISI=TAU*IX3INP2)-X3INP1)1/2.0 
FCS(6)=TAU*IXlINP11-X1INP2)1/2.0 
SMALLOUTIECS,ECLIINDE) ,161 
SMALLOUTIFCS,FCLIINDF),BI 
GO TO 101 
NLT=NL 
READI5,511) INPBPIJI,J=I,JLIM) 
WRITEI6,512) INPBPIJI,J=l,JLIM) 
1111=0.0 
A13=0.0 
A31=0.0 
A33=0.0 
JLS=JLIM-l 
DO 131 J=l,JLS 
NPY=NPBPIJ+1) 
NPX=NPBPIJI 
IPTP(NPX)=l 
DELS=SQRTI(XIINPYI-XIINPXII**2+IX3INPYI-X3INPX)I**2) 
RT11=(XIINPYI-XIINPX»/DELS 
BT13=(X3(NPYI-X3(NPXI)/DELS 
BT31=-BTl3 
BT33=BT11 
BTI11=BTlI 
BT113=8T31 
8TI31=BTl3 
BT133=BT33 
FDL=OELS/2.0 
Bll=FDL*RHON*IBTll1*VSN*RTll+BTII3*VPN*BT31) 
BI3=FDL*RHON*(BTll1*VSN*BTI3+8TII3*VPN*BT33) 
R31=FDL*RHON*(BTI31*VSN*BTll+BTI33*VPN*RT31) 
B33=FDL*RHON*(BTI31*VSN*BTI3+BTI33*VPN*BT33) 
AI3=Al3+B13 
All=Al1+Bll 
A31=A31+B31 
A33=A33+B33 
DET=(A33+PMD(NPXII*(A11+PMD(NPXII-A13*A31 
CFI1IJ)=(A33+PMDINPXII/OET 
cn3 (JI =-A13/DET 
CF31 (JI=-A31/DET 
CF33(J)=(All+PMDINPXI)/OET 
Al1=Bll 
A13=A13 
A31=A3l 
A33=833 
NPX=NPBPIJLIMI 
IPTPINPXI=l 
DET=(A33+PMDINPXI)*(A11+PMO(NPXI)-A13*A31 
CF11(JLIM)=(A33+PMDINPXII/DET 
Cfl3IJLIM)=-A13/0ET 
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CF11(JLIMI=-A31/DET 
CF33(JLIMI=(All·PMD(NPXII/DET 

SETUP 
1562 
1564 
1571 
1622 
1657 
1660 
1664 
1672 

READ(5.5131 LIM.(NSV(LI.IOPS(LI.NCMPCLI.L=I.LIMI 
WRITE(6.5141 LIM.(NSVCLI.IOPS(LI.NCMP(LI.L=I.LIMI 
RETURN 

90) WRITEC6.5161 
STOP 
END 

SUBPROGRAM LENGTH 

02334 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
101 - 000}72 120 
125 ... 001054 126 
504 - 001715 505 
513 - 001760 514 

BLOCK NAMES AND LENGTHS 
'LCMI- 0136730 

II - 030014/01 

VARIABLE ASSIGNMENTS 
AA - 002251 AJO 
All ... 002305 A13 
BB ... 002252 BTl 11 
BTl3 ... 002316 BT31 
BY3 - 002245 B1 
B31 ... 002330 833 
CF31 .. 026354/01 CF33 
ECS - 002140 ER 
FCS ... 002160 FDL 
INDE .. 002237 INOF 
JLIM ... 000004 JLS 
MPVP .. 002300 MPVT 
NPBP ... 024074/01 NPT 
NP3 - 002226 NP4 
N4 .. 010624/01 PIV 
TAU .. 002233 TAUA 
XP2 - 002250 XP3 
XIP2 ... 002267 XIP3 
X3P2 ... 002270 X3P3 

START OF CONSTANTS-001675 

- 000526 121 ... 000571 122 
... 001277 127 ... 001334 501 
... 001724 506 ... 001741 507 
... 001764 516 ... 002004 900 

- 002303 AJI - 002302 AJ3 
... 002306 A2 ... 002173 A3 
... 002321 BTIl3 ... 002322 BTl31 
- 002317 BT33 ... 002320 BXl 
... 002201 B11 .. 002326 B13 
... 002331 B4 ... 002212 CC 
- 027174101 CN - 000001 DELS 
... 002235 ERA ... 000000/01 ERI 
- 002325 FMO - 002254 FMX 
... 002240 lOPS ... 000005 IPTP 
... 002311 L ... 002333 LIM 
- 002277 NCMP ... 000006 NL 
- 000002 NPX .. 002313 NPY 
- 002227 NSV ... 000007 Nl 
- 002275 PMD ... 022124/01 RBM 
- 001604/01 TEMP ... 002241 VP 
... 002247 XP4 ... 002257 Xl 
... 002211 XIP4 .. 002273 X3 
... 002272 X3P4 .. 002274 YC 

TEMPS--002023 INDIRECTS-002126 

7600 COMPILATION RUN76 LEVEL 20 23 NOV 77 

' ROUTINE COMPILES IN 051500 

... 000667 123 ... 000703 124 ... 000776 

... 001676 502 .. 001700 503 ... 001702 

... 001745 511 ... 001751 512 ... 001753 

... 001350 901 ... 001661 

... 002301 ALL .. OOOOOOO/LC AI ... 002170 
002176 A31 to 002307 A33 ... 002310 

... 002323 BTI33 ... 002324 BT11 - 002315 

... 002242 BX3 .. 002243 BYl ... 002244 
- 002327 B2 .. 002204 83 ... 002207 
... 002253 CFtl ... 024714/01 CFt3 - 025534/01 
- 002314 DET ... 002332 ECL - 0064570/LC 
- 002236 FACTOR .. 002221 FCL ... 0120670/LC 
- 002255 FMY ... 002256 GMAX - 002234 
... 014234/01 J ... 002304 JJ - 002276 
... 000010 MORE .• 002222 MPIV - 002215 
... 002223 NLT • 000003 NP - 002220 
... 002312 NPI .• 002224 NP2 ... 002225 
.. 003410/01 N2 005214/01 N3 ... 007020/01 
.. 012430/01 RHO ... 002230 SIGY2 ... 000000 
... 002231 VS ... 002232 XC ... 002261 
... 016204/01 XIC ... 002263 xlPI .. 002265 
- 020154/01 X3C .,.. 002264 X3Pl ... 002266 
.. 002262 YP2 ... 002246 YP4 - 002260 



~ 

MODEL 

W 

7 
13 
15 
17 
20 
20 
21 
23 
24 
26 
33 
35 
41 
42 
43 
r;1 
53 
57 
60 
63 
73 
74 
76 
76 

SUBROUTINE MODELIMAX,SJGY,SJGY2,CN) 
REAL SIGYIlOI .SIGY21l01 ,CNIlOI 
MAX=lO 
DO 1 J=1,9 
SIGYIJI=O.l*fLOATIJI 
SIGY2IJI=SIGYIJI*SIGYIJI 
SIGYIMAXI=0.99 
SIGY2IMAX)=SIGYIMAX)·SIGYIMAXI 
SIGYP=0.9999 
MM=MAX-l 
EML=SIGYIl) 
CfI=l.O 
DO 3 J=l,MM 
EM=SIGYIJ+lI/I1.0-SIGYIJ+111 
CNI=IEM-EMLI/ISIGYIJ+l)-SIGYIJ)I-CfI 
CNIJI=I.0/CNI 
CfI =CfI + CN I 

3 EML=EM 
EM=SIGYP/Il.O-SIGYP) 
CNI=IEM-EMLI/ISIGYP-SIGYIMAX»-CfI 
CNIMAXI=l.O/CNI 
SQ2=SQRTI2.0) 
DO 4 J=I,MAX 
SIGYIJ)=SQ2*SIGYIJ) 

4 SIGY2IJI=2.0*SIGY2(J) 
RETURN 
END 

'-I SUBPROGRAM LENGTH 

00144 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 

BLOCK NAMES AND LENGTHS 

VARIABLE ASSIGNMENTS 
CfI ~ 000140 CNI 
SIGYP - 000135 SQ2 

- 000142 EM - 000141 
- 000143 

EML 

START Of CONSTANTS-OOOlOl TEMPS--000I07 INDIRECTS-000127 

7600 COMPILATION RUN76 LEVEL 20 23 NOV 77 

ROUTINE COMPILES IN 044000 
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.. 000137 J - 000134 "'M - 000136 

• 
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F'IL TER 

11 
13 
15 
16 
17 
22 
24 
25 
27 

SUBROUTINE FILTERIXX.Fl.F2.N.DTF.NKF) 
REAL XXII) 
REAL YY(8000) 
REAL PIIOOO) 
PI=3.14159 
PO=IFl+F2)*DTF 
1r/l=2.0*PI*F1 
W2=2.0*PI*f2 
C=OTf/12.0*PI) 
Q=I.0/12.0*lf2-Fl)) 
00 1 1=1. N 
T=fLOATII)*OTf 
TMO=T-Q 
ADO=Pt*lf2-FI) 

31 
43 
56 

106 

IfITMQ.NE.O) AOO=SINCPI*TMO*lf2-fl))/TMQ 
AOO=C*SINIIWI+W2)*T/2.0)*AOD 
PII)=C*ISINIWl*T)+SINIW2*T))*CI.0/T-0.5/IT+Q))+AOO 
00 2 J=l,NKf 

107 CUM=PO*XXIJ) 
111 00 3 I=I.N 
113 Iflll+J).GT.NKF) GO TO 4 
116 CUM=CUM+PII)*XXIJ+I) 
122 3 CONTINUE 
124 4 00 5 I=I.N 
126 IfIlJ-I).LT.ll GO TO 2 
131 CUM=CUM+PCI)*XXIJ-I) 
135 S 
137 2 
144 
150 6 
152 
152 

CONTINUE 
YYIJ)=CUM 
DO 6 J-l,NKf 
XXIJ)=YYIJ) 
RETURN 
END 

SUBPROGRAM LENGTH 

21703 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
2 - 000140 4 

BLOCK NAMES AND LENGTHS 

VARIABLE ASSIGNMENTS 
ADD - 021700 C 
PI - 021667 PO 
W2 - 021672 YY 

- 00012S 

- 021673 
- 021670 
- 000217 

CUM 
Q 

.. 021702 
- 021674 

I 
T 

START Of CONSTANTS-00015S TEMPS--000162 INDIRECTS-000216 

7600 COMPILATION RUN76 LEVEL 20 23 NOV 77 

ROUTINE COMPILES IN 044000 

)1·' -"-1 ,-_._-- -

- 021675 
- 021676 

J 
TMQ 

----------. ----------~ 

.. 021701 

... 021677 
p 
WI 

... 017717 
- 021671 



NLPLT 

14 
15 
17 
20 
22 
22 
27 

53 

w 102 
1.0 106 

117 
122 
133 
136 
143 
147 
153 
200 
225 
235 
240 
245 
247 
251 
254 
255 
265 
271 
273 
277 
306 
312 
314 
320 
327 

• 

SUBROUTINE NLPLTIVFI,VF3.VSAVE,Y,NK,OELT.ALPHA) 
COMMON/CCPOOL/XMIN.XMAX.YMIN.YMAX,CCXMIN.CCXMAX.CCYMIN,CCYMAX 
LARGE ALL(27000) .ECLII4400).FCLI7200) 
LARGE VFI(8000).VF3180001 
LARGE VSAVEI8000,16) 
REAL X(8002).YIA002) 
INTEGER ALPHA(8),XALPHI3),YALPHI3) 
REAL YBASE(24) 
INTEGER LY(24) 

501 FORMATIIIIIX,*SUAROUTINE NLPLT*II) 
502 FORMATII1.I2.F3.0,F4.0,2I2,3AI0.3AI0) 
503 FORMATII15X.*MORE=*.I2/5X.*NCH=*,I3/SX.*XMAX.*, 

oF5.0/5X,*YMAX=*,F6.0/5X,*NX.*.I31 
° 5X,*NY=*,I3/5X,*XALPH·*.IX.3AI0/5X.*YALPH=*,lX,3AI0/) 

504 FORMATI12II2.F4.0)) 
505 FORMATI5X,*LYIJI*.2X,*YBASEIJ)*/15X,I5,FI0.0)) 
506 FORMATIF2.01 
507 FORMATIF4.0) 

WRITE 16,501) 
CCXMIN=100. 
CCXMAX=1200. 
CCYMIN=130. 
CCYMAX=1030. 
XMIN=O.O 
YMIN=O.O 

1 REAOI5,502) MORE,NCH,XMAX,YMAX,NX,NY, 
* IXALPHIJ) .J=l ,3). IYALPHIJ) ,J-l ,3) 

WRITEI6.503) MORE.NCH,XMAX,Y~AX,NX,NY, 
* IXALPHIJ) ,J-I,3), IYALPHIJ) ,J-l,3) 

CALL CCGRIOIl.NX,6HNOLBLS,I,NY) 
WRITEI98,506) XMIN 
CALL CCLTRI95.,100 •• 0,2) 
WRITE (98,507) XMAX 
CALL CCLTRIlI80 •• l00.,0,2) 
CALL CCLTRI200.,1050.,0,2,ALPHA,80) 
CALL CCLTR(400 •• 20.,0,2,XALPH,30) 
CALL CCLTRI30.,430.,1,2,YALPH,30) 
REAO(5,504) ILYIJ),YBASEIJ),J=l,NCH) 
WRITE16.5051 ILYIJ).YBASEIJ),J=l,NCH) 
DO 2 K=I,Nt( 

2 XIK)=FLOATIK-l)*OELT 
DO 3 J=l,NCH 
LYJ=LYIJ) 
YBASJ=YAASEIJ) 
IFILYJ.EQ.91) GO TO 4 
IFILYJ.EQ.93) GO TO 5 
SMALLINIY,VSAVEll,LYJ),NK) 
DO 6 K=l,NK 

6 YIK)=YIK)+YAASJ 
GO TO 3 

4 SMALLINIY.VFl,NK) 
DO 7 K=I,NK 

7 YIKI=YIK)+YBbSJ 
GO TO 3 

5 SMALLINIY,VF3,NK) 
DO 8 K=l,NK 

~ 

« 

« 
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NLPLT 
333 
341 
351 
352 
360 
361 
362 

8 Y(K)=Y(K)+YBASJ 
3 CALL CCPLOT(X,Y,NK) 

CALL CCNEXT 
If(MORE.EQ.1) GO TO 
CALL CCEND 
RETURN 
END 

SUBPROGRAM LENGTH 

20301 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
1 - 000030 3 
503 - 000377 504 

BLOCK NAMES AND LENGTHS 
'LCMI- 0136730 

CCPOOL - 000010/01 

VARIABLE ASSIGNMENTS 

- 000342 
- 000423 

4 
505 

- 000300 
- 000426 

ALL - OOOOOOO/LC ALPHA 
ECL - 0064570/LC fCL 

- 000000 CCXMAX - 000005/01 

MORE - 020271 NCH 
XMAX - 000001101 XMIN 
YMIN - 000002/01 

- 0120670/LC J - 020275 
- 020272 NX - 020273 
- 000000101 YALPH - 020206 

5 
506 

- 000321 
- 000434 

CCXMIN - 000004/01 
K - 020276 
NY - 020274 
YBASE - 020211 

START Of CONSTANTS-000365 TEMPS--000471 INDIRECTS-000477 

7600 COMPILATION RUN76 LEVEL 20 23 NOV 77 

ROUTINE COMPILES IN 045000 

501 
507 

- 000366 
- 000436 

CCYMAX .. 000007/01 
LY .. 020241 
X • 000501 
YBASJ .. 020300 

502 - 000372 

CCYMIN - 000006/01 
LYJ - 020277 
XALPH - 020203 
YMAX - 000003/01 



» 

XTRM 
SUBROUTINE XTRM(V,NKI 
REAL V(80001 

501 FORMAT(SX,oMAX=o,E12.4,lX,oAT K=*,I61 
* SX,oMIN=O,EI2.4,IX,*AT K=*,I~111 

KMAX=O 
4 
5 
6 
7 

10 
14 
21 
25 
31 
34 
47 
SO 

KMIN=O 
VMAX=O.O 
YMIN=O.O 
DO I K=l,NK 
IF(V(KI.GT.VMAXI KMAX=K 
IF(V(KI.GT.VMAXI VMAX=V(KI 
IF(V(KI.LT.VMINI KMIN=K 
IF (V (Kl .L T. VMINI VMIN=Y (Kl 
CONTINUE 
WRITE(6,SOII VMAX,KMAX,V~IN,KMIN 

RETURN 
END 

SUBPROGRAM LENGTH 

00105 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
1 - 000032 501 

~ BLOCK NAMES AND LENGTHS 

VARIABLE ASSIGNMENTS 
K - 000104 KMAX 

- 000054 

- 000100 KMIN - 000101 VMAX 

START OF CONSTANTS-0000S3 TEMPS--000070 INDIRECTS-000072 

7600 COMPILATION RUN76 LEVEL 20 23 NOV 77 

ROUTINE COMPILES IN 044000 

• 
r 

• 
o 

• 
• 
• 
• 
• 
• 
• 

- 000102 YMIN .. 000103 

• 
• 
t 

f 

f 

f 

f 

4 

• 
f 



- PLANE STRAIN NONLINEAR GROUND RF.SPONSE 

• SAMPLE PROALEM PLANE STRAIN 

• DELT= .0040000 
NK= 750 
RHON= 2.600 

• VPN= 3.7000E+05 
VSN= 2.0000E+05 
NPT= 24 

• JUM= 9 
IH= 1 
IV=-O 

• ITAPE=-O 
f1= 3.75 
f2= 7.50 

• 
• POINT LIST 

fACTOR= 1.00000E+03 

• NP Xl X3 NP Xl X3 NP Xl X3 NP Xl X3 NP Xl X3 

• 1 0.00 0.00 2 1.00 1.00 3 1.00 0.00 4 2.00 2.00 5 2.00 1.00 
6 2.00 0.00 7 3.00 3.00 8 3.00 2.00 9 3.00 1.00 10 3.00 0.00 

11 4.00 3.00 12 4.00 2.00 13 4.00 1.00 14 4.00 0.00 15 5.00 3.00 

• 16 5.00 2.00 17 5.00 1.00 18 5.00 0.00 19 6.00 2.00 20 6.00 1.00 
21 6.00 0.00 22 7.00 1.00 23 7.00 0.00 24 8.00 0.00 

• +::> 
N 

ELEMENT LIST 

• NL Nl N2 N3 N4 RHO VP VS TAU 

• 1 1 3 2 0 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 
2 2 5 4 0 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 
3 2 3 6 5 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 

• 4 4 8 7 0 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 
5 4 5 9 a 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 
6 5 6 10 9 2.0000 1.6900E+05 3.0000E+04 1.8500E.06 

• 7 7 8 12 11 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 
8 8 9 13 12 2.0000 1.6900E+05 3.0000E+04 1.8500E.06 
9 9 10 14 13 2.0000 1.6900E+05 3.0000E+04 1.8500E·06 

• 10 II 12 16 15 2.0000 1.6900E+05 3.0000E+04 1.8500E.06 
11 12 13 17 16 2.0000 1.6900E+05 3.0000E+04 1.8500E.06 
12 13 14 18 17 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 

• 13 15 16 19 0 2.0000 1.6900E+05 3.0000E+04 1.8500E+06 
14 17 18 21 20 2.0000 1.6900E+05 3.0000E+04 1.8500E·06 
15 16 17 20 19 2.0000 1.6900E+05 3.0000E+04 1.8500E·06 

• 16 19 20 22 0 2.0000 1.6900E+05 3.0000E+04 1.8500E.06 
17 20 21 23 22 2.0000 1.6900E+05 3.0000E·04 1.8500E+06 
18 22 23 24 0 2.0000 1.6900E+05 3.0000E+04 1.8500E·06 

I 

I 
BOUNDARY POINTS 

3 6 10 14 18 21 23 24 

• •. • -- . , -. --,-' - -' - - - . -. -- - -., • fl" -- '. - -,.. - - -. -



~ 

SAVE POINTS 

LIM- 6 

131 133 431 

EXTREME VALUES 

INPUT HORIZONTAL 

MAX- 4.9000E+Ol AT K-
MIN- ~6.J047E-12 AT K= 

L- 1 NSV= 1 lOPS- 3 

MAX- 4.7717E+Ol AT K= 
MIN- ~1.2938E+00 AT K= 

L- 2 NSV- 1 lOPS- 3 

MAX- 1.4762E+00 AT K-
MIN- ~1.2925E+00 AT K= 

L- 3 NSV- 4 lOPS- 3 

~ MAX= 6.8757E+Ol AT K-w MIN- -2.9132E+Ol AT K-

L- 4 NSV- 4 lOPS- 3 

MAX- 9.6804E-Ol AT K-
MIN- -1.5576E+00 AT K-

L- 5 NSV .. 11 IOPS= 3 

MAX- 7.3423E+Ol AT K-
MIN- -3.2068E+Ol AT K-

L- 6 NSV- 11 lOPS- 3 

MAX- 2.9191E-13 AT K= 
MIN- -3.8088E-l1 AT K= 

SUBROUTINE NLPLT 

MORE- 1 
NCH- 4 
XMAXa 5 
YMAX= 400 

50 
lOO 

NeMP-

51 
175 

NeMP- J 

112 
50 

NeMP-

78 
147 

NeMP- J 

103 
65 

NeMP- 1 

79 
147 

NeMP- J 

83 
49 

4 J J 11 3 1 11 3 3 



.j:::>. 

.j:::>. 

NX= 5 
NY" B 
XAlPH= SECONDS 
YAlPH .. VELOCITY H (CM/SEC) 

lY(J) YBASE(J) 
91 100 

1 200 
3 250 
5 300 

MORE"-O 
NCH- 4 
XMAX- 5 
YMAX= 400 
NX" 5 
NY= 8 
XAlPH.. SECONDS 
YAlPH- VELOCITY V (CM/SEC) 

lY(J) YBASE(J) 
93 100 

2 200 
4 250 
6 300 

• 
• 
• 
• 
~ 

~ 

~ 

• 
• 
• 
.. 

, • 



PLANE STRAIN PROGRAM 

LISTING OF INPUT DECK 

FOR SAMPLE PROBLEM 

45 -



! 7 4 '''-'.' ', • t ' '" I ~ ... t··· 1 

INPUT CARDS FOR SAMPLE PROBLEM - PLANE STRAIN PROGRAM 

10 20 30 40 50 60 70 80 
•••• + •••• * •••• + •••• * •••• + •••• • •••• t .••• * •••• + •••• • •••• + ••••••••• + •••• * •••• + •••• * 
SAMPLE PROBLEM PLANE STRAIN 
0.004 750 2.6 3.7E+05 2.0E+05 24 91 3.75 7.5 

10.0E+02 
0 0 1 1 1 0 2 2 2 1 
2 0 3 3 3 2 3 1 3 0 
4 3 4 2 4 1 4 0 5 3 
5 2 5 1 5 0 6 2 6 1 
6 0 7 1 7 0 8 0 

1 3 2 o 2.0 1.69E+05 0.3E+05 1.85E+06 
2 5 4 o 2.0 1.69H05 O. H+05 1.85E+06 

•••• + ••••••••• + •••• * •••• + ••••••••• + •••• * •••• + ••••••••• + •••• * .••• + •••• * •••• + •••• * 
1 2 3 6 5 2.0 1.69H05 0.3E+05 1.85E+06 
1 4 8 7 o 2.0 1.69E+05 0.3E+05 1.85E+06 
1 4 5 9 8 2.0 1.69E+05 0.3E+05 1.85E+06 
1 5 6 10 9 2.0 1.69E+05 0.3E+05 1.85E+06 
1 7 8 12 11 2.0 1.69E+05 0.3E+05 1.85E+06 
1 8 9 13 12 2.0 1.69E+05 0.3E+05 1.85E+06 
1 9 10 14 13 2.0 1.69H05 0.3E+05 1.85E+06 
1 11 12 16 15 2.0 1.69E+05 0.3E+05 1.85E+06 
1 12 13 17 16 2.0 1.69E+05 0.3E+05 1.85E+06 

~ 1 13 14 18 17 2.0 1.69E+05 0.3E+05 1.85E+06 
0') •••• + ••••••••• + •••• * •••• + ••••••••• + ••••••••• + ••••••••• + •••• * •••• + •••• * •••• + •••• * 

1 15 16 19 o 2.0 1.69E+05 0.3E+05 1.85E+06 
1 16 17 20 19 2.0 1.69E+05 0.3E+05 1.85E+06 
1 17 18 21 20 2.0 1.69E+05 0.3E+05 1.85E+06 
1 19 20 22 o 2.0 1.69E+05 0.3E+05 1.85E+06 
1 20 21 23 22 2.0 1.69E+05 0.3[+05 1.85E+06 

22 2.3 24 o 2.0 1.69E+05 0.3E+05 1.85H06 
1 3 6 10 14 18 21 23 24 

6 131 133 431 433 1131 1133 
.0 E+OO .02 HOO .04 E +00 .06 E+OO .08 E+Oo 
.10 E+OO .12 HOO .14 HOO .16 E+OO .18 E+OO 

•••• + •••• * •••• + •••• * •••• + •••••••• ~+ •••• * •••• + ••••••••• + ••••••••• + ••••••••• + •••• * 
.20 HOO .22 £+00 .24 E+OO .26 E+OO .28 E+oo 
.30 E+OO .32 E+OO .34 HOO .36 E+Oo .38 E+Oo 
.40 HOO .42 E+OO .44 HOD .46 E+oO .48 E+Oo 
.50 HOD .48 E+OO .46 HOD .44 E+Oo .42 E+OO 
.40 E+OO .38 E+oo .36 E+OO .34 E+OO .32 E+OO 
.30 E+OO .28 E+OO .26 E+oo .24 E+oo .22 E+oO 
.20 E+OO .18 E+oO .16 E+OO .14 E+oo .12 E+oO 
.10 E+oo .08 E+oo .06 E+OO .04 E+OO .02 E+OO 
.0 E+00-.02 E+00-.04 E+00-.06 E+00-.08 E+oo 

-.10 E+00-.12 E+00-.14 E+00-.16 £+00-.18 HOD 
••• ~+ ••••••••• + ••••••••• + ••••••••• + ••••••••• + •••• * •••• + •••• * •••• + •••• * •••• + •••• * 



'\ 

.po . 

........ 

. t..... ~. ' .. 

10 20 30 40 50 60 70 80 
•••• + •••• ~ •••• + ••••••••• + •••• * •••• + ••••••••• + ••••••••• + ••••••••• + ••••••••• + ••••• 
-.20 
-.30 
-.40 
-.50 
-.40 
-.30 
-.20 
-.10 

1 4 

E+00-.22 E+00-.24 
E+00-.32 E+00-.34 
E+00-.42 E+00-.44 
E+00-.48 E+00-.46 
E+00-.38 E+00-.36 
E+00-.28 E+00-.26 
E+00-.18 E+00-.16 
E+00-.08 E+00-.06 

130 ADDITIONAL CARDS 
5 400 5 8SECONDS 

E+00-.26 E+00-.28 
. E+00-.36 E+00-.38 

E+00-.46 E+OO-.48 
E+OO-.44 E+00-.42 
E+00-.34 E+00-.32 
E+OO-.24 E+OO-.22 
E+00-.14 E+00-.12 
E+00-.04 E+OO-.02 

IDENTICAL TO THE PRECEDING 
VELOCITY H (CM/SEC) 

E+OO 
E+OO 
E+OO 
E+OO 
E+OO 
E+OO 
E+OO 
E+OO 

•••• + ••••••••• + ••••••••• + ••••••••••••••••••• + ••••••••• + •••• * •••• + •••• * •••• + •• _ •• 
91 100 1 200 3 250 5 300 

4 5 400 5 8SECONDS 
93 100 2 200 4 250 6 300 

VELOCITY V (CM/SEc) 

.! T r·· 

r 



ANTI PLANE STRAIN PROGRAM 

SOURCE LISTING 

AND 

OUTPUT LISTING FOR SAMPLE PROBLEM 

48 



PGM 

10 
16 
46 
76 

100 

+:> 116 
1.0 117 

123 
125 
134 
135 
136 
145 
147 
151 
151 
164 

201 
213 
215 
221 
227 
231 
232 
241 
242 
244 
262 
273 
301 
305 
316 

PROGRAM PGMCINPUT,OUTPUT,TAPEs=INPUT,TAPE6=OUTPUT, 
* TAPE16,TAPE17,TAPE98=101.PLOT,TAPE99=PLOT) 

LARGE ALL(20000),ECLCSOOO).FCLC8000) 
LARGE IIF2(8000) 
LARGE IISAIIEC8000,16) 
REAL SMALLCS002) 
INTEGER IOPS(400),NCMPC400),NSIIC400) 
INTEGER ALPHA(8) 
REAL SIG'f'()0).SIGY2ClO).CNClO) 

501 FORMATCSAlO) 
502 FORMATCIHl.*ANTIPLANE STRAIN NONLINEAR GROUND RESPONSE*II 

* lX,BAlOII) 
503 FORMATCF8.0,I4.F8.0.EI0.0.Fs.0.I4.13.Il.2Fs.0) 
504 FORMATCSX.*DELT.*.FI0.7/sX.*NK=*,I6/5X,*RHON=*,F6.JI 

* 5X,*IISN=*.E12.4/sX.*THETA=*,F6.1/sX.*NPT=*,16/5X, 
~ *JLIM=*,I5/5X.*ITAPE=*.I2/sX.*Fl=*,F6.2/SX.*F2=*.F6.2) 

505 FORMATCSE14.8) 
506 FORMATCIIIIA.*EXTREME IIALUES*/) 
501 FORMATC3X,*INPUT*/) 
509 FORMATC3X,*L=*,I3,3X,*NSII=*.IS, 

* 3X.*IOPS=*.I2,3X.*NCMP=*.I2/) 
REAOCS,SOl) CALPHACJ).J=1.81 
WRITEC6.S02) CALPHACJ).J=l,S) 
READCS.S031 DELT,NK,RHON.IISN.THETA.NPT.JLIM,ITAPE,Fl,F2 
WRITEC6.S04) DELT,NK,RHON,IISN,THETA.NPT,JLIM,ITAPE.Fl.F2 
THf.TA=THETA*3.l4159/180.0 
CALL SETUPCDELT,RHON,IISN.THETA.MAX.SIGY,SIGY2,CN, 

* NPT.NLT.JLIM,IOPS,NCMP.NSV,LIMI 
LSV=LIM 
IFCLSII.GT.161 LSV=16 
IFIITAPE.EQ.l) GO TO 13 
READC5.S0S) CSMALLCK),K=I,NK) 
G=1j80.0 
IIOK=O.O 
DU 12 K=l.NK 
VOK=IIOK.G*OF.LT*SMALLCK) 

12 SMALLIK)=IIOK 
SMALLUUTCSMALL.VF2.NK) 

13 \tIRITF I 16) C ALPHA CJ) .J=l .8) 
CALL NLAPSCDELT.NK,IIF2,IISAVE.ITAPE,MAX.SIG'f'.SIGY2,CN, 

* NPT,NLT,JLIM,IOPS,NCMP.NSII,LIM) 
WRITEI6,506) 
IFIITAPE.EQ.I) GO TO 22 
W~ITEI6,5011 
SMALLINISMALL,IIF2,NK) 
CALL XTRMISMALL,NK) 

22 NKM=NK 
IFIFI.Ea.o.0.OR.F2.EQ.O.0) GO TO 24 
NKi'1=NKM-20 

24 00 21 L=l,LSV 
WRITEI6,S09) L.NSIICL).IOPSCL).NCMPIL) 
SMALLIN(SMALL.V5AIIEII,L).NK) 
IF(Fl.EQ.0.O.OR.F2.EQ.0.O) GO TO 23 
CALL FILTER(SMALL,Fl,F2,20,DELT,NK) 
SMALLuUT(SMALL,VSAIIECl,L),NK) 

23 CALL XTRMISMALL.NKM) 

f 

.. 



Ul 
0 

PGM 
32) CALL NLPlT(VF2,VSAVE.SMALL.NKM,DELT,ALPHA) 
332 STOP 
3]4 ENU 

PROGRAM LENGTH INCLUDING I/O BUFFERS 

25422 

FUNCTI0~ ASSI GNM EN TS 

STATEMENT ASSIGNMENTS 
13 - 00016U 22 
503 - OU036 7 504 

BLOCK ~AMES AND LENGTHS 
'LCMI- 0517740 

VARIARLE ASSIGNMENTS 
All - OOOOOOO/LC ALPHA 
Fl - 02?526 F2 
JLIM - 0225?4 K 
NCMP - 021007 Nr< 
RHON - 02?'5?U SIGl' 
\10K - 022536 VSAVE 

- 000232 
- 000315 

- 022441 
- 0225z-T 
- 022534 
- 022511 
- 02?457 

23 
50<; 

CN 
G 
L 
NKM 
SIGV2 

- 0125140/LC VSN 

- OO()317 
- 000421 

- 022503 
- 022535 
- 022540 
- 022531 
- 022471 
- 022521 

24 
506 

DEll 
lOPS 
LIM 
NLT 
SMAll 

START OF CONSTANTS-000137 TEMPS--0004S6 INDIRECTS-000462 

760Q COMPILATION RUN76 LEVEL 20 29 PliOV 71 

ROUTINE COMPILES I~ 044700 

- 000243 
- 000423 

- 022516 
- 020167 
- 02;?532 
- 022531 
- 000465 

501 
501 

Eel 
ITAPE 
LSV 
NPT 
THETA 

- 000354 
- 000421 

502 
509 

- 0047040/LC FCl 
... 022525 J 
- On533 MAX 
- 022523 NSV 
- 022522 VF2 

- 000356 
- 000432 

- 0066540/LC 
- 022515 
- 022530 
- 021627 
- 0106240/LC 

• 
4 

4 

• 



• 

• 
• .. 

(J1 
--' 

NLAPS 

----- -- - --

SUQROUTINE NLAPS(OELT.NK.VF2.VSAVf.ITAPE.MAX.SIGY.SIGY2.CN. 
~ N~T.NLT.JLIM.IOPS.NCMP.N5V.LIM) 

C VERSION OF 9/26/75 
LARGE ALL(20000).ECL(8000) .FCL(8000l 
LARGE VF2(80t)O) 
LARGE VSAVE(8000.16) 
REAL ALS(2).ECS(Sl.FCS(Sl 
INTEGER ALTP(8) 
INTEGER IOPS(400).NCMP(400l.N5V(400) 
REAL VTAPE(400) 
REAL SO}2(1000).5D23(1000) 
REAL EOI2(1000),E023(1000) 
REAL F2(1000) 
REAL V2(1000) 
REAl. VTP2(400) 
REAL 5IGY(lO) .SIGY2110l .CN(10l 
COMMON fRA(1000),TAUA(1000) 
COMMON Nl (\OOO).N2(lOOO).N3t1000).N4(l000) 
COMMON IPT~(1000) 
COMMON Xl (l000) ,X3(lOOO) 
COMMON PMO(lOOO) 
COMMON NP8P(400) 
COMMON Cf2(400) 
COMMON KSI400l 
COMMON WT<;(400) 

501 FORMAT(IIIIX.~INPUT TAPE./IX,8AIO) 
IF(ITAPE.NE.ll GO TO 10 

23 REAOl17l IALTP(J),J=I.8l 
30 WRITE(6.501l (ALTP(J).J=1.8l 
45 10 LSV=LIM 
46 IF(LSV.GT.l~l LSV=16 
52 DO 1 NL=I.NLT 
54 INDL=(NL-ll.20 
56 5D12INLl=O.0 
57 S023(NLl=O.0 
61 E012INL)=O.0 
62 E023(NLl=0.0 
64 DO 1 MM=I.~AX 
65 ALS(l)=O.O 
65 ALS(21=O.0 
66 INDX=INOL+(MM-l)~2+1 

71 SMALLOUTIALS.ALL(INDXl.2l 
104 DO 11 NP=I.NPT 
III F2(NPl=0.0 
112 11 V2INPl=O.O 
113 DO 21 K=l.NK 
120 DO 22 NL=l.NLT 
121 INOL=(NL-ll~20 
123 INDE=INL-ll~8+1 
125 INOf=INL-ll~8+1 
127 NIT=NIINLI 
131 N2T=N2INLl 
133 N3T= NJINLI 
135 N4T=N4INL) 
140 SMALLINIECS.ECLIINDE).8) 
152 DE012=tCSI}IOV2INIT)+ECSI1)~V2(N2T)+ECSI5)*V2IN3TI 



(Jl 

N 

NLAPS 
157 
166 
171 
173 
175 
176 
177 
177 
201 
202 
205 
712 
214 
217 
221 
222 
227 
231 
213 
235 
737 
240 
243 
245 
252 
256 
262 
273 
300 
303 
307 
312 
314 
316 
321 
324 
325 
327 
335 
342 
34 -' 
354 
355 
1~2 

165 
JA6 
371 
373 
371 
371 
402 
415 
417 
421 
42) 
425 

nEn2)=Er.S(21~V2(NITI+ECS(4)OV2(N2T)+ECS(6)OV?(N3T) 

IF(N4T.fQ.O) GO TO 23 
OEUI2=DE012+ECS(71*V2(N4T) 
nELl23=I)fI)21+ECS (8) 0V2 IN4T) 

23 A11=1.0 
f412=O.O 
1\21=0.0 
A22=1.0 
00 32 I>1M=l.Mf4)\ 
JNOA=INDL+(MM-l)~2+1 

SMhLLIN(4LS.ALL(INOX).2) 
CAI2=S012(NL)-ALS(1) 
CA23=S02J(NL)-ALS(2) 
TEMP=CAI2*CA12+CA23*CA23 
Cf4LL= TE":I-'+ TEMP 
IF(CALL.LE.SIGY2(MM» GO TO 32 
F ACT=CN U"M) *CALL 
TEMP=(CAI2+CA121/FACT 
Al1=f411+CA12°TE~P 
A21=A21+CAcloTEMP 
TEHP=(CA23+CA23)/FACT 
A12=~12+CA120TEMP 

A22=A22+CA230TEMP 
FACT=SIGY(MM)/SQRT(CALLI 
ALS(1)=S012(NL)-FACT~CA12 
ALS(2)=S023(NL)-FACTOCA23 
S~ALLUUT(ALS.ALL(JNOX).2) 

32 CONTINUf 
nET=Al1-A22-A120A?1 
OS12=(A~2·0E012-A12°0ED~3)/DET 
I)S23=(AI100[023-A21*OEOI2)/OET 
S012(NLI=SDI2(NL)+OS12 
S023(NLI=SD23(NL)+OS23 
FD12(NL)=f012(NL)+OfI)12 
ED23(NL)=f023(NL)+OED23 
ST12=SU12(~Ll 
ST23=SO?3 (NLl 
SMALLIN(FCS.FCL(INOF).8) 
F2(NIT)=F7(N}T)+FCS(1)OST12+FCS(2)·ST23 
F2(N2T)=F2(N?T)+FCS(3)OST12+FCS(4)OST23 
F2(N3T)=F2(N3T)+FCS(S)OSTI2+FCS(h)*ST23 
IF(N4T.(Q.O) GO TO 72 
F2 (r~4 T I =F? (N4 T) +FCS (7) 0STl2+FCS I R) *S T23 

2? rO ,~ ryNUE 

no 51 NP=loNPT 
IF!l~TP(NP).NE.O) GO TO 51 
TKNP=I.0/PMD(NP) 
V2(NP)=v2(NP)+TKNPOF2(NP) 
F2(NP)=O.O 

51 CO NTIf\IUE 
IF I ITAf'E.F.:O.l) REAO(l7) (VTP2(JI.J=JoJLIM) 
DO 5? J=l.JLIM 
NP X=NPrlP (.J) 

H (I TflPF..oF.Qol) GO TO 151 
",Sl=K-KS(JI 
KS?=KSI-J 



• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

CJl 
W 

NLAPS 
427 
431 
434 
435 
435 
440 
443 
444 
444 
447 
454 
454 
457 

467 
474 
475 
477 
502 
504 
507 
510 
517 
526 
527 
536 
545 
554 
557 
566 
571 
606 
610 
610 

WTSJ=wTS(JI 
IF(KSl.GE.ll GO TO 152 
VF2X=0.0 
GO TO 153 

152 VSKl=VF2(KS11 
IF(KS2.GE.ll GO TO 154 
VSK2=0.0 
GO TO 155 

154 VSK2=VF2(KS21 
155 VF2X=iIITSJ*VSK1+(1.0-WTSJ)*VSK2 

GO TO 153 
151 VF2X=VTP?(JI 

- -----

153 V2(NPXI=VF2X+CF2(JI*(F2(NPXI+PMD(NPXI* 
* (V2(NPXI-VF2X)1 

52 F2(NPXI=0.0 
DO 61 l=l,LIM 
NSVl=NSV (L1 
IFlIOPSILI.EQ.lI GO TO 63 
IFIIOPSIll.EQ.21 GO TO 64 
VTAPEILI=V2INSVLI 
GO TO 61 

63 IFINCMPIll.Ea.11 VTAPEILI=ED12(NSVLI*ERA(N5VLI 
IF(NCMPIll.EQ.21 VTAPE(LI=ED23(NSVLI*ERA(N5VLI 
GO TO 61 

64 IFINCM~(LI.EQ.11 VTAPE(LI=SDI2(NSVLI*TAUAIN5VLI 
IFINCMP(LI.EQ.21 VTAPE(LI=Sn23(NSVLI*TAUA(N5VLI 
IFINCMPILI.EQ.21 VTAPE(LI=SD23(NSVLI*TAUA(N5VLI 

61 CONTINUE 
DO 62 l=l,LSV 

62 VSAV[IK,LI=VTAPE(LI 
wRITE(161 (VTAPE(LI,L=I,LtMI 

21 CONTINUE 
RETURN 
END 

SUBPROGRAM lENGTH 

16164 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 - 000046 22 
63 - 000511 64 
155 - 000450 501 

- 000363 
- 000530 
- 000614 

23 
151 

- 000176 
- 000455 

32 
152 

t BLOCK NAMES AND LENGTHS 
'LCMI- 0106240 

II - 026520/01 

• VARIABLE ASSIGNMENTS 

t 
ALL - OOOOOOO/LC AlS 
A22 - 016137 CALL 
DED12 - 01h132 OED23 

t 

.. 

- 000642 
- 011,143 
- 016133 

ALTP 
CA12 
OET 

- 000664 
- 016140 
- 016145 

All 
CA23 
DS12 

- 000274 
- 000436 

- 016134 
- 016141 
- 016146 

51 
153 

A12 
CF2 
0523 

- 000400 
- 000460 

- 016135 
- 024240101 
- 016147 

61 
154 

A21 
CN 
ECl 

- 000555 
- 000445 

- 016136 
- 000002 
- 0047040/LC 



• 
• 
t 

(J1 

+=> 

NLAPS 
ECS - 0006 .. 4 fD12 - 005434 ED?] - 007404 ERA 
fCS - 00Oh54 F2 - 011354 IllinE - 016124 INDF 
lOPS - 01\0006 IPTP - 013560/01 J - 016114 JLIM 
K51 - 016154 KS2 - 016155 L - 016162 LlM 
NCMP - 000007 NL - 01611" r~L T - 000004 NIJ 
NPX - Olhl'ij r~sv - 001)010 NSVL - 016163 Nl 
N2T - 01t'-127 N) - 007640/01 N.H - Ul0130 N4 
Snit' - 0(11514 51)23 - 001464 5IGY - 000000 SIGY2 
TAUA - 00175U/Ol TEMP - 016142 TKNP - 016152 VF2X 
VTAP[ - 0006 74 VTP2 - 015274 V2 - 013124 WTS 
X3 - 017'500/0J 

START OF CONSTA NTS-0006J3 TE~PS--0O0624 IN01RECTS-000636 

7600 COMPILATI ON ~UN76 LEVEL 20 29 I\:OV 77 

ROUTINE COMPILES IN 046100 

- 000000/01 fACT - 016144 fCL - 0066540/LC 
- OJ61?5 INDL - 016117 INOX - 016121 
- 000005 K - 016123 K5 - 025060/01 
- 01)0011 L5V - 016115 ~M - 016120 
- 016122 NPBP - 023420/01 NPT - 000003 
- 003720/01 NIT - 016126 1112 - 005670/01 
- 011610/01 N4T - 016131 PMD - 021450/01 
- 000001 5H2 - 016150 ST23 - 016151 
- 0161<;7 V5Kl - 016160 VSK2 - 016161 
- 025700/01 WTSJ .. 016156 )(1 - 015530/01 



SETUP 

~ 

~ (J1 
(J1 

~ 

• 
• 

24 • 35 
36 
37 • 50 
76 

• 107 
137 
151 

• 152 
154 
154 
156 • 171 
173 
217 • 221 
250 

• 276 
276 

SUBROUTINE SF.TUPIDELT,RHON,V5N,THETA,MAX,SIGY,SIGY2, 
° CN,NPT,NLT,JLIM,IOPS,NCMP,NSV,LIM) 

LARGE ALL(20000),ECLISOOO),FCLIBOOO) 
REAL fCSIR) ,FCS(8) 
INTEGER IOPS(400),NCMPI400) ,NSV(400) 
REAL SIGY(lO) ,SIGY2(10) ,CN(lO) 
REAL Al (3) ,A2 (3) ,A3 (3) ,AI (3) ,A2 I 3) ,R3 (3) ,84 I) 
INTEGEr~ MPIV(3) 
REAL RAY(400) 
COMMON ERACI000),TAUAIIOOO) 
COMMON Nl (1000) ,N2(lOOO) ,N3(lOOO) ,N4(1000) 
COMMON IPT?II000) 
COMMON Xlll000),X3ClOOO) 
COMMON PMDCI000) 
COMMON NPHP(400) 
COMMON CF2(400) 
COMMON KS(400) 
COMMON WTS(400) 

501 FORMATIEI0.0) 
502 FORMATIIOFA.O) 
503 FORMATI///IX,*POrNT LIST*//3X,oFACTOR=*,E14.5// 

° lX,SI4X,oNP*,7x,oXl*,7X,*X3*)/) 
504 FORMATIIX,16.2F9.2,I6,2F9.2,I6,2F9.2,I6,2F9.Z,I6,2F9.Z) 
505 FORMATC///IX,*ELEMENT LlSTo//lX,4X,oNLo,6X,*Nl*,6X,*NZ*, 

° 6X,*N3*,6X,ON4*,7X,*RHO*,12X,*VS*.11X,*TAU*/) 
~06 FORMATll1.414,F5.0,2F.10.0) 
507 FOAMATIIA,I6.4IB,FI0.4.2E14.4) 
511 FORMAT(2014) 
512 FOR~ATC///Ix.oBOUNDARY POINTS*//13X,lOI8)) 
513 FORMATI16,11114,211)/112114,211)1 
514 FORMATC///IX,.SAVE POINTS*//4X,oLIM=o.14//IIX,I7,212, 

* 17,212,17,212,17,212,17,212,17,212,17,212,17,212, 
• 17,212,17,212) 

516 FORMATC//IX,oPOINT NUMBER EXCEEDS NPT - JOB TERMINATED·) 
CALL MODELIMAX,SIGY,SIGY2,CN) 
DO 10 NP=l,NPT 
IPTPINP)=O 

10 PMOINP)=O.O 
READI5,501' FACTOR 
PEAD(S,S02) IXIINP),X3INP),NP=l,NPT) 
wRITEI6,503) FACTOR 
\tIRI TE 16,504) INP,Xl INP) ,X3CNP) ,NP=l ,NPTl 
00 11 NP=l.NPT 
XIINP)=FACTOR·XIINP) 

11 X31~P)=FACTOR·XJCNP) 
MORE=l 
NL=O 
wRrTE(6,505) 

101 IFIMORE.NE.l) GO TO 900 
READ(5,5~6) MORE,NPl,NP2.NP3.NP4,RHO,VS,TAU 
NL=NL+l 
WRITE(6.S07) NL,NPl,NP2,NP3,~P4,RHO,VS.TAU 

IFINPl.GT.NPT.OR.NP2.GT.NPT.OR.NP3.GT.NPT.OR.NP4.GT.NPT) 
° GO, TO 901 

Nl (NL) =~Jt)l 
N2(NL)= NP2 



(Jl 

m 

SETUP 
300 
303 
305 
310 
312 
313 
315 
317 
322 
32] 
345 
350 
3'52 
3")4 
357 
3f15 
374 
403 
404 
406 
407 
414 

425 
433 
445 
454 
461 
462 
465 
472 

504 
516 
517 
521 
525 
531 
533 
535 
537 
542 
544 
S4 , 
5t;0 
55) 
5<;6 
5")7 
562 
565 
570 
573 
576 
577 
(0) 
60 "' 

"'3 (i'lL) =NP3 
N4(NL)=NP4 
GMAX=RHO*VS*VS 
ER=TAU/(2.0~GMAX) 

fR A (NU =f.R 
TAUA(NU=TAU 
ERI=Dt:LT/[P. 
INDE=(i'<L-I)*A+l 
INOF=(NL-I)*8+1 
TEMP=SQHT«Xl(NP3)-Xl(NPI»**2+CXJCNP3)-X3CNPI»**2) 
RXI=(XI (NP3)-XI (NPll )ITE~P 
AX3=(X)(NP3)-X3(NPl»/TE~P 

RYI=(X)(NP)-X3(NPI»/TEMP 
HY3=-(XI(NP31-XICNPl)I/T£MP 
YP2=AYl*(Xl (NP?I-XICNPI»+BY3*CX3(NP2)-X3CNPlll 
XP3=AXI*(XI (NP3)-XI (NPI) I.BX3*CX)(NP31-X3(NPII I 
XP2=liX 1* (X t (NP? I -X 1 C NP 1) I .BX3* C X3 C NP2) -X3 C NP 11 I 
AA=XP2/YP2 
I:H:l= (XP2-XP)) IYP2 
CC=XP3 
FMO=YP?,*VP2*(HB-AAI/2.0.YP2*CC 
FMX=YP2*YP2*YP2*(BS*SB-AA*AAI/6.0.YP2*YPZ*BB* 

~ CC/2.0.YP2*CC*CC/2.0 
FMY=YP2*YP2*YP?*(BS-AA)/3.0.YP2*vP2*CC/Z.0 
IFCNP4.EQ.0) GO TO 120 
XP4=BXI* (Xl (NP41-XI (NPIII.BX3* (X3 (NP4) -X3 (NP1) I 
Yl-'4=rn 1* (X 1 (NP41 -x I (NP I) ) .BY3* (X 3 (NP41 -X3 (NP 11 I 
AA=XP4/YP4 
BH=(XP4-XP31/YP4 
fMO=FMO-1P4*YP4*(BB-AA)/2.0-YP4*Cr. 
FMX=FMX-YP4*YP4*YP4*CSS*SA-AA*AAI/6.0-YP4*YP4*SA*CC/2.0 

~ -YP4*CC*CC/2.0 
FMY=FMY-YP4*Y~4*YP4*(BB-AAI/3.0-YP4*YP4*CC/2.0 

120 XC=FMX/FMO 
YC=f1-1Y/f"'10 
XIC=XI(NPI)·AXl*XC·BYI*YC 
X3C=X3(NPl)+RX3*XC·SY3*YC 
.qPI=XI (NPl) -XIC 
X3PI=X3(NPI)-X3C 
XII-'2=XICNP21-XIC 
X3P2=X3(NP2)-X3C 
XIP3=xl(Nr3)-xIC 
X3P3=X3(~P3)-X3C 

IF(NP4.fQ.0) GO TO 121 
XIP4=xI(NP4)-XIr. 
X3P4=X3(NP4)-X)C 

121 AI(lI=).O 
IF (NP4.NE.0) Al (I I =4.0 
III (~)=XIPI.XIP2+XlP3 
If (NP4. NE. 0) A I (21 =A I (2) + X I P4 
AI(j)=X3PI+X3P2+X3P) 
IF(NP4.NE.0) Al (3)=AI (31+)()P4 
1\'-'(1I=A1(2) 
A2(2)=XIPI*XIPI+XIP2*XIP2+XIP3*XIP3 
IF(NP4.NE.O) A2(2)=A2(2)+XIP4*XIP4 
A2(J)=X1Pl~X1Pl+XIP2*X3P2+X1P]*X)Pl 

• 
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SETUP 
614 
620 
621 
623 
627 
632 
633 
635 
636 
637 
641 
642 
643 
64S 
646 
650 
651 
652 
654 
655 
657 
664 
666 
670 
672 

~ 673 
676 
677 
701 
703 
705 
711 
712 
713 
715 
720 
724 
727 
713 
7]7 
743 
752 
760 
762 
763 
765 
766 
771 
772 
774 
776 

1002 
1004 
100S 
1006 
1011 

IfINP4.NE.0) A2(3)=A2C)+XIP4*X3P4 
A3(1)=AIC3) 
A3 (2) =A2 (3) 

431])=X3Pl*X3Pl+X3P2*X3P2+X3P3*X3P3 
IfINP4.NE.0) A3(3)=A3C3)+X3P4*X3P4 
RlI11=1.0 
AI(2)=Xltll 
Rl(3)=X3Pl 
82 I 11 = 1.0 
82(2)=XIP2 
82 (3) =X3P2 
R]11I=1.0 
H3(2)=XIP3 
83 () =X3P3 
IfINP4.EQ.0) GO TO 122 
H4(1)=1.0 
84(2)=XIP4 
B4(3)=X3P4 

122 PIV=O.O 
DO 123 JJ=1.3 
IfIA9SIAIIJJ».LE.ABSIPIV» GO TO 123 
Plv=41IJJ) 
MPVr=JJ 

123 CONTINUE 
MPIVll)=MPIJT 
A2IMPIJT)=A2CMPVT)/PIV 
4]IMPVT)=A3CMPVT)/PIV 
BIIMPVT)=81 CMPIJT)/PIV 
82IMPVT)=82IMPVT)/PIV 
R3IMPVT)=B3CMPVT)/PIV 
IfINP4.NE.0) B4CMPVT)=B4CMPVT)/PIV 
MPVP=MPVT 
PIV=O.O 
1)0 124 JJ=I.3 
Ifl~J.EQ.MPIV(1» GO TO 124 
42IJJ)=A2CJJ)-AICJJ)*A2CMPVP) 
A3IJJ)=A3IJJ)-AICJJ)*A3CMPVP) 
R1IJJ)=81CJJ)-AIIJJ)*BIIMPVP) 
R2IJJ)=B2CJJ)-AIIJJ)*B2CMPVP) 
A3(JJ)=H3(JJ)-AIIJJ)*B3IMPVP) 
IfINP4.NE.0) 84CJJ)=B4CJJ)-AIIJJ)*B4IMPVPI 
IfIABSIA2CJJ)I.LE.ABSIPIV» GO TO 124 
PIV=A2IJJ) 
MPIJT=J.) 

124 CONTINUE 
MPIV(2)=MPIJT 
A3IMPVT)=A3IMPVT)/PIIJ 
RIIMPVT)=R.IIMPVT)/PIIJ 
82IMPVT)=B2IMPVT)/PIV 
B3IMPVT)=B3IMPVT)/PIIJ 
JfINP4.NE.O) 84IMPVT)=B4(MPVT)/PIV 
MPVP=MPVT 
f)0 l?5 JJ= 1 .3 
If(JJ.EQ.MPIV(l» GO TO 125 
If(JJ.EQ.MPIV(2» GO TO 125 
A3(JJ)=A3(JJ)-A2IJJ)*A3(MPVP) 
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~ 

• 
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U1 
CO 

SETUP 
1015 
1021 
10l'5 
1031 
1037 
1041 
1043 
1044 
1047 
10">0 
10<;3 
105'+ 
1062 
1067 
1071 
1073 
10'5 
1100 
1101 
1105 
1106 
1114 
1121 
1123 
1125 
1127 
1132 
1133 
11)7 
114\1 
1146 
11 ')3 
11SS 
1157 
1173 
1174 
11 7~ 
1200 
1204 
1205 
1213 
1270 
1222 
12?4 
1230 
I?3S 
1240 
1244 
1246 
1253 
12,)'> 
12f.,2 
1273 
1276 
1301 
1306 

81 (JJ)=nl IJ,J)-A2IJJ)*Bl (MpIJP) 
A2IJJ)=A2IJJ)-A2IJJ)*B2IMPIJPI 
B3IJJI=~jIJJ)-A2IJJ)*B3IMPIJPI 
JFINP4.NE.OI 84IJJ)=B4IJJI-A2IJJ)*~4IMPVP) 
I'1PVT=JJ 

125 CONTINlJE 
r-1PIIJ(3)=MPVT 
~Jj=AICM~vTI/A3IMPVT) 
"1PVT=MPIV(2) 
AJ1=AlI~PVTI-A3IMPVT)*AJ3 
r .. HJVT=MIlYIJ C 1 I 
AJO=RIIMPIJT)-A2IMPIJT)*AJI-A3IMPVTI*AJ3 
P"1f) I'''PI I =PMD INPl) +RHO*FMO*AJO/DfL T 
F.C5(1)=E~Y*AJ1/2.0 
EC5(2)=E~I*AJJ/2.0 
I'1PV T=1'11-' I V 131 
AJ3=R2IMPVT)/A)CMPIJT) 
MPVT=MPIV(2) 
AJl=R21~PIJT)-A3CMPIJT)*AJ) 
'~PVT=MPIIJ I 1) 
AJO=B21~PVTI-A2IMPIJT)*AJI-A)IMPIJT)*AJ3 
PMOINP2)=P~DINP2)+RHO*fMO*AJO/OELT 
ECS(3)=fRI*AJ1/2.0 
EC~141=ERI*AJ3/2.0 
MPVT:MPIV(3) 
AJJ=g3(MPIJT)/A3IMPIJT) 
"'PVT=MPtVI21 
AJ1=R3IMPIJTI-A)IMPIJT)*AJ3 
MPVT=MPIVll1 
AJO=R3CMPVrl-A2IMPVT)*A .JI-A)IMPVT)*AJ3 
PMQCNP)=PMDINP)+RHO*FMO*AJO/OELT 
FC5CS)=ERI*AJI/2.0 
F.CS(6)=E~I*AJ3/2.0 
IFCNP4.EQ.0) GO TO 126 
MPVT=MPIVI) 
AJ3=R4CMPVTI/A3IMPIJT) 
i>1PVT=MPIV (2) 

AJl=84CMPIJTI-A)IMPVT)*AJ3 
MPVT=MPIVll) 
hJD=R4IMPVT)-A2IMPVTI*AJI-AlIMPVT)*AJ3 
PMOINP41=PMDCNP4)+RHO*fMO*AJO/OELT 
EC5(7)=E~I*AJI/2.0 
ECSIR)=EWI*AJ3/2.o 
FCSI})=TAU*IX3CNP4)-X3INP2)1/2.O 
FC5C~I=TAU*CXIINP2)-XIINP4»/2.0 
rCS(1)=TAU*IX)INPII-X3INP))/2.0 
FCSC41=TAU*CXIINP3)-Xll~Pl»/2.0 
FCS(5)=TAU*CX3INP2)-X3INP4»/2.0 
FCS(6)=TAU*IXIINP4)-XICNP2»/2.0 
fCS(7)=TAU*IX1INP3)-X3INPl»/2.0 
FCS (A) = T AU* C X 1 I NP 1) -x 1 I NP 3) ) I? 0 
(,0 r l) 12 -' 

l?h fCSC!)=TAU*CX)INP)-X3INP?»/2.0 
FCS (2) =TAU* IXI INP2) -Xl CNP3) l/l'.O 
FCSIJ)=TAU*CX3INPII-X)INP1»/2.0 
F r. S ( 4 ) = T II u* I X 1 I ~IP 3) - X 1 I NP 1 ) ) 12.0 



U1 
\.0 

FCSI51=TAU*IX3INP2)-X3(NPl11/2.0 
FCS(61=TAUOIX1(NPll-Xl(NP211/2.0 

127SMALLOUT(ECS.ECL(INDE),RI 
SMALLOUT(FCS,fCL(INDFI,A) 
GO TO 101 

900 NLT=NL 
READ(S.S111 (NPElP(JI.J=l.JLIM) 
WRITF.16.512) (NPAP(J),J=I.JLIM) 
CST=COS !THETA) 
SNT=SINITHETA) 
00 131 J=I.JLIM 
NPX=NPBP(J) 
IPTP(NPX)=1 

131 RAY(JI=X3(NPX)*CST+Xl(NPXI*SNT 
RAYMIN=O.O 
DO ) 32 J=ltJLIM 
IF(RAY(JI.LT.RAYMIN) RAVMIN~RAV(J) 

132 CON TI NUr 
00 133 J=l.JLIM 
RAY(J)=RAY(J)-RAYMIN 
KSIJI=RAYIJI/IVSN*OELTI 
OTS=RAYIJI/IVSN*DELTI-FLOATIKSIJII 

133 WTS(JI=I.0-0TS 
A22=0.1l 
JLS=JLIM-1 
DO 134 J=I.JLS 
NPY=NPBPIJ+l1 

SETUP 
1310 
1315 
1320 
1326 
1334 
1334 
1336 
1344 
1356 
1363 
1372 
1405 
1406 
1406 
1414 
1415 
1422 
1426 
1431 
1441 
1442 
1444 
1446 
1452 
1453 
1455 
1462 
1464 
1467 
150b 
1510 
1511 
1516 
1522 
1524 
1530 
1562 
1617 
1620 
1624 
1632 

NPX=NP8PIJI 
fOL=0.soSQRTIIX1(NPYI- XIINPXlloo2+IX3INPYI-X3INPXII*.2I 
B22=FDLoRHONoVSN 
A22=422+B72 
CF2IJI=I.0/IA22+PMDINPXII 

134 422=H22 
NP X=NPBP I JLI M I 
CF2IJLIMI=1.0/IA22+PMDINPXII 
READ(5.5131 LIM,(NSV(LI,IOPS(LI,NCMPILI,Lz1.LIMI 
WRITE16.5141 LIM,(NSVILI.IOPS(LI,NCMPILI,L=l.LIMI 
RETURN 

901 wRITE16.5161 
STOP 
END 

SUBPROGRAM LENGTH 

03063 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
101 - 000172 120 
125 - 001042 12b 
503 - 001642 504 
512 - 001712 513 

- 000514 
- 001f'64 
- 001655 
- 001717 

121 
127 
50S 
514 

- 000557 
- 001)21 
- 001664 
- 001723 

122 
132 
50" 
516 

- 000655 
- 001427 
- 001 "'00 
- 001743 

123 
501 
507 
900 

.. 000671 
- 001636 
- 001704 
.. 001335 

124 
502 
511 
901 

- 000764 
- 001640 
- 001710 
- 001621 

~ 



SETUP 

BLOCK NAMES AND lENGTHS 
'lOH- n]06?40 

II - 0?6520/01 

VARIABl~ ~SSIGN~ENTS 

AA - 001014 AJO .. 003046 IIJI - 003045 IIJ3 .. 003044 All .. OOOOOOO/lC Al .. 002114 
A2 - 00211 -' 112? - 003055 113 .. 002122 AB .. 003015 BXl .. 003005 AX3 - 003006 
BYI - 003001 un - 003010 Al - 002125 A2 - 002110 B22 - 003061 83 - 002133 
84 - OC?136 CC - 003016 Cf2 - 024740101 CN - 000001 CST - 003050 DTS - 003054 
ECl - 0041040/lC ECS - 002074 ER - 003000 ERA - 000000101 ERI - 003001 fACTOR - 002765 
fCl - 00h6540/LC fCS .. 002104 fDL - 003060 fMO - 003017 fMX - 003020 fMY - 003021 
GMAX - 002711 I III DE - 003002 INOf - 003003 lOPS - 000005 IPTP - 0)3560101 J - 003047 
JJ - 003041 JLIM - 000004 JLS - 003056 KS - 025060/01 L .. 003062 LIM - 000010 
MORE - 002766 MPIV - 002141 MPVP - 003043 MPVT - 003042 NCMP .. 000006 NL - 002767 
NU - 000003 NP - 002764 NPAP - 023420/01 NPT .. 000002 NPX - 003052 NPY - 003057 
NPI - 002170 NP2 .. 007171 NP3 .. 002172 NP4 .. 002773 NSV - 000007 Nl - 003720101 
N2 .. 005670/01 N3 .. 007640/01 N4 .. 011610101 PIV .. 001040 PMD .. 021450/01 RAY - 002144 
RAYMIN 003053 RHO - 002714 SIGY2 - 000000 SNT - 003051 TAU - 002776 TAUA .. 001750/01 
TEMP - 003004 liS - 002715 wTS - 025700/01 XC - 003024 XP2 .. 003013 XP3 - 003012 
XP4 - 003022 Xl - 015530/01 XIC - 003026 X1P1 - 003030 X1P2 .. 003032 XIP3 - 003034 
XIP4 - 003036 X3 - 017500101 X3C - 003027 X3P1 - 001031 X3P2 - 003033 X3P3 - 003035 
X3P4 - 003037 YC - 003025 YP2 - 003011 YP4 - 003023 

START Of CONSTANTS-001635 TEMPS--OO 1763 INDIRECTS-002062 

m 7600 COMPILATION RUN76 LEVEL 20 29 NOV 77 
0 

ROUTINE COMPILES IN 051300 



~ __________ ~~~ - w 

O'l 

MODEL 

7 
13 
15 
17 
20 
20 
21 
23 
24 
26 
33 
35 
41 
42 
43 
51 
53 
57 
60 
63 
73 
74 
76 
16 

SUB~OUTINE ~ODELIMAX,SIGy,SIGY2,CN) 
REAL SIGYII0) ,SIGY2(10) ,CNIlO) 
t-IAX=10 
DO 1 J=1,9 
SIGYIJI=O.I*FLOATIJ) 
SIGY2IJI=SIGYIJ)*SIGYIJI 
SIGYI~Al(I=0.99 

SIGY2IMAXI=SIGYIMAXI*SIGYIMAX) 
SIGY~=O.9999 
MM=MAX-l 
EML=SIGYll1 
CFI=I.0 
DO 3 J=I.MM 
EM=SIGYIJ+ll/ll.0-SIGYIJ+1» 
CNI=IEM-EML)/ISIGY(J·1)-SIGYIJ»-CFI 
CNIJI=l.O/CNI 
CFI=CFI+CNI 

3 EML=EM 
EM=SIGYP/ll.0-SIGYP) 
CNI=IEM-EML)/ISIGYP-SIGYIMAXII-CFI 
CNIMAXI=1.0/CNI 
SQ2=SQRTI2.01 
DO 4 J=I.MAX 
SIGYIJI=SQ2*SIGYIJ) 

4 SIGY2IJI=2.0*SIGY2IJ) 
RETURN 
END 

SUBPROGRAM LENGTH 

00144 

FUNCTION ASSIGNMENTS 

• STATEMENT ASSIGNMENTS 

BLOCK NAMES AND LENGTHS 

VARIABLE ASSIGNMENTS 
CFI - 000140 CNI - 000142 EM - 000141 
SIGYP - 000135 SQ2 - 000143 

EML 

• 
START OF CONSTANTS-OOOIOI TEMPS--000107 INDIRECTS-000127 

1600 COMPIlAfION RUN76 LEVEL 20 29 NOV 77 

~ ROUTINE COMPILES IN 044000 

~ 

~ 

• 

.. 000131 J .. 000134 MM - 000136 



0"1 
N 

fIL TER 
SU~ROUTINE FILTERIXX.Fl.F2.N.DTF.NKF) 
REAL XX(l) 
REAL YY(liOOO) 
REAL PIlOOO) 
PI=3.14159 
PO=(Fl+F(,)*OTF 
Wl=2.0*PI*Fl 
W2=2.0*PI*F2 
C=UTF/I;>.O*PIl 
Q=1.O/12.0*(F2-Flll 
DO 1 I=l.N 
T=FLOAT(I)*DTF 
TMQ=T-Q 
ADO=PI*(F2-Fll 

II 
13 
15 
16 
17 
22 
24 
25 
27 
31 
43 
56 

106 
107 
111 
113 
11" 
122 
124 
126 
131 
135 
137 
144 
150 
152 
152 

IFITMU.NE.O) ADO=5INIPI*T~Q*(F2-Fl»/TMQ 
ADO=C*SIN(IW1+W21*T/2.0)*ADO 
P(I)=C*ISINIWl*TI+SINlw2*TI)*11.0/T-0.5/IT+Q»+ADO 
no 2 J=1.NKF 
CUM=PO*xX(JI 
00 J 1 = 1 • N 
IF(II+J).GT.NKF) GO TO 4 
CUM=CUM+?III*XXIJ+I) 

3 CONTINUE 
4 1')0 ") I=1.N 

IF((J-I).LT.lIGO TO 2 
CUM=CUM+PII)*XXIJ-II 

5 CONTINUE 
2 YY(JI=CUM 

DO 6 J=l.NKF 
6 l(X(J)=Y'YIJI 

RETURN 
END 

SUBPROGRAM LENGTH 

21703 

fUNCTION ASSIG~MENTS 

STATEMENT ASSIGNMENTS 
2 - 000140 4 

BLOCK NAMFS ANO LENGTHS 

VARIAALE ASSIGNMENTS 
ADD - 021700 C 
PI - 021661 PO 
W2 - 021~72 YY 

- 000)25 

- 021673 
- 021670 
- 000717 

CIJM 
Q 

- 021702 
- 021674 

I 
T 

START OF CONSTANTS-OOO)55 TEMPS--000162 INDIRECTS-000?16 

7600 COMPILATION RUIH6 LEVEL 20 29 NOV 77 

ROUTINE CO~PILES IN 044000 

- 021675 
- 021676 

J 
TMQ 

- 021701 
- 021677 

P 
WI 

- 017717 
- 021671 



• 
• 
• 
• 
• 
• 
• 
• 
• 
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• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

NLPLT 
SUBROUTINE NLPLT(Vf2,VSAVE,y,NK,DELT,ALPHAI 
COMMON/CCPOOL/XMIN.XMAX,YMIN,YMAX,CCXMIN,CCXMAX,CCYMIN,CCYMAX 
LARGE ALLI200001,ECLI80QOI,FCL(BOOOI 
LARGE Vf21AOOOI 
LARGE VSAVE18000,161 
REA L X(8002),YIB0021 
INTEGER ALPHA(81,XALPHI31,YALPH(31 
REAL YBASEI241 
INTEGER LYI241 

501 fORMAT(llllx,*SUBROUTINE NLPLT*111 
502 FORMAT(I1,I2.F3.0,F4.0,2I2,3AI0,3AI01 
503 FORMAT(115X,*MORE=*,I2/5X,*NCHz*,I3/5X,*XMAXz*, 

*F5.0/5X.*YMAX=*,F6.0/5X,*NX=*,I31 
* 5X,*NY=*,13/5X,*XALPH=*,lX,3A10/5X,*YALPH=*,lX,3A10/1 

504 FORMAT112112,F4.011 
505 FORMAT(5X,*LYIJI*,2X'*YBASEIJI*/ISX,IS~FI0.011 
506 FORMATIF2.0) 
507 FORMATIF4.01 

WRITE(6.501) 
13 CCXMIN=100. 
14 CCXMAX=1200. 
16 CCYMIN=130. 
17 CCYMAX=1030. 
21 XMIN=O.O 
21 YMIN=O.O 
26 1 READI5,502) MORE,NCH,XMAX,YMAX,NX,NV, 

* IXALPHIJI,J=1,31,IYALPH(JI,J=1,3) 
52 WRITEI6,503) MORE,NCH,XM~X,YMAX.NX,NY, 

* (XALPH(JI,J=1,3),(YALPH(JI,J=1.3) 
101 CALL CCGRID(I,NX,6HNOLBLS,1,NYI 
105 wRITEI98,506) XMIN 
116 CALL CCLTR(95.,lOO.,O,21 
121 wRITE(9H,507) XMAX 
132 CALL CCLTR(1180.,100.,0,21 
135 CALL Cr.LTR(200.,1050.,O,2,ALPHA,801 
145 CALL CCLTR(400.,20.,0,2,XALPH,301 
151 CALL CCLTRI30.,430.,1,2.VALPH,301 
155 RF.AO(5,504) ILYIJI,YBASE(JI,J=I,NCHI 
202 wRITE(6.5051 ILYIJI,YBASE(JI,J=I,NCHI 
227 DO 2 K=),NK 
237 2 X(KI=fLOA1IK-11*DELT 
242 DO 3 J=l,NCH 
247 LYJ=LYIJI 
251 YAASJ=YBASEIJI 
253 IfILYJ.EQ.921 GO TO 4 
256 SMALLIN(Y,VSAVE(I,LYJI,NKI 
266 DO 6 K=I,NK 
272 6 YIKI=YIKI+YBASJ 
274 GO TO 3 
300 4 SMALLINIY,VF2,NKI 
307 DO 7 K=1.NK 
313 7 YIKI=YIKI+YBASJ 
321 3 CALL CCPLOTIX,y,NKI 
331 CALL CC NExT 
332 IfIMORE.EQ.l) GO TO 
340 CALL CCEND 



0') 
.j::> 

NlPlT 
341 
342 

RETLIRN 
END 

SUBP~OGR AM lENGlH 

20261 

FUNCTION ASSIGNMENTS 

STATEMENT ASSTGNMENTS 
1 - 000027 3 
504 - 000403 50~ 

BLOCK NAMES AND lENGTHS 
'LCMI- 0106?40 

CCPOOl - 000010/01 

VARIAAlE ASSIGNMENTS 

- 000322 
- 000406 

ALL - OOOOOOO/LC C CX~AX - 000005101 
fCl - 00 6bS40/LC J - 020255 
NCH - 02C25? NX - 020253 
XMIN - OO GOOO /OI YAlPH - 0?0166 

4 
506 

- 000301 
- 000414 

CCX~IN - 000004/01 
K - 020256 
NY - 020254 
YBASE - 020171 

501 
507 

- 000346 
- 000416 

CCYMAX - 000007/01 
lY - 020221 
X - 000461 
YBASJ - 020260 

START OF CONSTANTS-000345 TEMPS--0004S1 INDI~ECTS-0004S7 

7600 COMPILATION RUN76 lEvEL 20 ?9 NOV 77 

ROUTINE COMPILES IN 044700 

502 - 000352 

CCYMIN - 000006/01 
lYJ - 020251 
XAlPH - 020163 
YMAX - 000003/01 

503 

ECl 
MORE 
XMAX 
YMIN 

• 
• 
• 
• 
• 

- 000357 • 
• 
• 

- 0047040/lC 
- 020251 • 
- 000001101 
- 000002101 • 

• 
• 
• 
• 
• 
.' 
• 
• 
• 
• 
• -
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U1 

XTRM 
SUBROUTINE XTRM(Y,NK) 
REAL Y(SOOO) 

501 fORMAT(5~,~MAX=*,E12.4'lX'*AT K=*'I61 
* 5X,*MIN=*,E12.4,lX,*AT Kz*,1611) 

KMAX=O 
4 KMIN=O 
5 YMAX=O.o 
6 YMIN=O.O 
1 00 1 K=l,NK 

10 If(Y(K).GT.YMAX) KMAX=K 
14 If(Y(K).GT.YMAX) YMAX=Y(K) 
21 If(Y(K).LT.YMIN) KMIN=K 
25 If(Y(K).LT.YMIN) YMIN=Y(K) 
31 CONTINUE 
34 WRJTE(6,50l) YMAX,KMAX,YMIN,KMIN 
41 RETURN 
50 END 

SUBPROGRAM LENGTH 

00105 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNM~NTS 
1 .. 000032 501 

BLOCK NAMfS AND LENGTHS 

V4RIABLf ASSIGNMENTS 
K - 000104 KMAX 

- 000054 

- 000100 KMIN - 000101 YMAX 

START Of CONSTANTS-000053 TEMPS--000010 INDIRECTS-000012 

7600 COMPILATION RUN16 LEVEL 20 29 NOV 11 

ROUTINE COMPILES IN 044000 

• 
• 

- 000102 YMIN .. 000103 

• 
• 
t 

t 

t 

• 
• 
• 
• 
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• 
ANTIPLANE STRAIN NONLINEAR GROUND RESPONSE 

SAMPLE PROBLEM ANTIPLANE STRAIN 

• DELT= .0200000 
NK= 150 
RHON= 2.600 • VSN= 2.0000E+05 

• 
THETA= 0.0 
NPT= 24 
JUI'I= 9 
ITAPE=-O 
fl= 3.75 • F2= 7.50 

POINT Ll5T 

FACTOR= 1.00000E+03 

NP Xl X3 NP Xl X) NP Xl X3 NP Xl X3 NP Xl X3 

1 0.00 0.00 2 1.00 1.00 3 1.00 0.00 4 2.00 2.00 5 2.00 1.00 
CTI 

6 2.00 0.00 7 ).00 3.00 8 3.00 2.00 9 3.00 1.00 10 3.00 0.00 
CTI 1 ) 4.00 3.00 12 4.00 2.00 13 4.00 1.00 14 4.00 0.00 15 5.00 3.00 

16 5.00 2.00 17 5.00 1.00 18 5.00 0.00 19 6.00 2.00 20 6.00 1.00 
21 6.00 0.00 22 7.00 1.00 21 7.00 0.00 24 8.00 0.00 

ELEMENT LIST 

NL Nl N2 N3 N4 RHO VS TAU 

1 1 3 2 0 2.0000 3.0000E+04 1.8500E+06 
2 ? 5 4 I) 2.0000 3.0000[+04 1.8500E+06 
3 2 3 6 5 2.0000 3.0000[+04 1.8500[+06 
4 4 8 7 0 2.0000 3.0000[+04 1.8500[+06 
5 4 5 9 8 2.0000 3.0000E+04 1.8500E+06 
6 ~ 6 10 9 2.0000 3.0000E+04 1.8500E+06 
7 7 8 12 11 2.0000 3.0000E+04 1.8500[+06 
8 A 9 13 12 2.0000 3.0000E+04 1.8500E+06 
9 9 10 14 13 2.0000 3.0000[+04 1.8500E+06 

10 1 1 12 1(, 15 2.0000 3.0000[+04 1.8500E+06 
1 ) 12 13 17 16 2.0000 3.0000E+04 1.8500[+06 
12 13 14 18 17 2.0000 3.0000E+04 1.A500[+06 
13 15 16 19 0 2.0000 3.0000[+04 1.8500[+06 
14 16 1l 20 19 2.0000. 3.0000E+04 1.8500E+06 
15 17 18 2 1 20 2.0000 3.0000E+04 1.8500E+06 
16 1~ 20 ?2 0 2.0000 3.0000[+04 1.8500[+06 
17 20 21 23 22 2.0000 3.0000[+04 1.9500[+06 
18 2? 23 24 0 2.0000 J.0000[+04 1.8500[+06 

BOUNDARY POINTS 

] 6 10 14 18 21 71 74 
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t 

~ 

t 

t 

t 

t 

• 
• 
• 
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• 
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SAVE POINTS 

LIM= 3 

I 3 2 432 11 3 2 

EXTREME VALUES 

INPUT 

M~X= 4.9000E+Ol AT K= 
MIN= -1.2292E-12 AT K= 

La 1 NSV= IOPS= 3 

MAX= 4.95'9E+Ol AT K= 
MIN= -7.6264E-Ol AT K= 

L= 2 NSV= 4 IOPS= 3 

MAX= 6.2679E+Ol AT K= 
MIN= -2.5890E+Ol AT K= 

L= 3 NSV= 11 IOPS= 3 

MAA= 7.6086E+Ol AT K= 
MIN= -3.4569E+Ol AT K= 

SUBROUTINE NlPLT 

MO~E=-O 
NCrl= 4 
XMAX= 
YMAX= 
NX= 5 
NY= R 
XAlPH= 
YAlPH= 

lY (J) 

92 
1 
2 
3 

5 
400 

SECONDS 
VELOCIT~ (eM/SEC) 

YBASE(J) 
100 
200 
250 
300 

10 
20 

NCMP= 2 

11 
21 

NCMP= 2 

15 
30 

NCMP= 2 

16 
31 



ANTI PLANE STRAIN PROGRAM 

LISTING OF INPUT DECK 

FOR SAMPLE PROBLEM . 

68 



. , ... .. ", ... .... '!"II: .... .. 1" " . , ". , '.'p .. ~ - r 

INPUT CARDS FOR SAMPLE PROBLEM - ANTIPLANE STRAIN PROGRAM 

10 20 30 40 so 60 70 80 
•••• + ••••••••• + ••••••••• + ••••••••• + ••••••••• + ••••••••• + •••• * •••• + ••••••••• + ••••• 
SAMPLE PROBLEM ANTIPLANE STRAIN 
0.02 1S0 2.6 2.0E+OS 0.0 24 9 3.7S 7.S 

10.0E+02 
0 0 1 1 1 0 2 2 2 1 
2 0 3 3 3 2 3 1 3 0 

· 4 3 4 2 4 1 4 0 5 3 
S 2 S 1 S 0 6 2 6 
6 0 7 1 7 0 8 0 

1 3 2 o 2.0 0.3E+OS 1.8SE+06 
2 S 4 o 2.0 0.3E+OS 1.85E+06 • •••• + ••••••••• + ••••••••• + ••••••••• + ••••••••• + ••••••••• + ••••••••• + •••• * •..• + ••••• 

1 2 3 6 S 2.0 0.3E+OS 1.85E+06 
1 4 8 7 o 2.0 0.3E+OS 1.85E+06 

•• 1 4 S 9 8 2.0 0.3E+OS 1.8SE+06 
1 S 6 10 9 2.0 0.3E+OS 1.85E+06 
1 7 8 12 11 2.0 0.3E+OS 1.85E+06 • 1 8 9 13 12 2.0 0.3E+OS 1.8SE+06 
1 9 10 14 13 2.0 0.3E+OS 1.8SE+06 
1 11 12 16 1S 2.0 0.3E+OS 1.85E+06 • 1 12 13 17 16 2.0 0.3E+OS 1.8SE+06 
1 13 14 18 17 2.0 0.3E+OS 1.8SE+06 

. •••• + •••• * •••• + •••• * •••• + •••• * •••• + •••• * •••• + •••• * •••• + ••••••••• + •••• * •.•• + ••••• 
• 0'\ 1 15 16 19 o 2.0 0.3E+OS 1.8SE+06 

\.C 1 16 17 20 19 2.0 0.3E+OS 1.8SE+06 
1 17 18 21 20 2.0 0.3E+05 1.8SE+06 • 1 19 20 22 o 2.0 0.3E+OS 1.85E+06 
1 20 21 23 22 2.0 0.3E+05 1.8SE+06 

22 23 24 o 2.0 0.3E+05 1.8SE+06 • 1 3 6 10 14 18 21 23 24 
3 132 432 1132 

.0 E+OO .1 E+OO .2 E+OO .3 E+OO .4 E+OO • .5 E +00 .4 E+OO .3 E+OO .2 E + 00 .1 E+OO 
•••••••••••••• + ••••••••• + ••••••••• + ••••••••• + ••••••••• + •••• * •.•. + •••• * •.•• + •••• * 
.0 E+00-.1 E+OO-.2 E+00-.3 E+00-.4 E+OO • -.5 E+00-.4 E+00-.3 E+00-.2 E+00-.1 E+OO 

26 ADDITIONAL CARDS IDENTICAL TO THE PRECEDING 
4 S 400 5 8SECONDS VELOCITY (CM/SEC) • 92 100 1 200 2 2S0 3 300 

It 

It 

~ 

'1 
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